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A b s t r a c t  o f  T h e s i s  to  bo p r e s e n t e d  f o r  th e  D e g re e  o f  M.Sc* i n
B otany
by
Doroithy A sh w o rth .  B .S o .
A s tu d y  o f  t h e  p ro b le m s  i n  th e  l i f e - c y c l e  o f  P u c c i n i a  m a lv a -  
oearum  f ro m  m o n o s p o r i d i a l  i n o c u l a t i o n s  and  c u l t u r e s  made u n d e r  
c o n t r o l l e d  c o n d i t i o n s .
Tho w ork  b e g a n  w i t h  an  e n d e a v o u r  t o  f i n d  a  t e c h n iq u e  f o r  
i n o c u l a t i n g  t h e  h o s t  p l a n t s  o f  t h e  U re d in e a e  w i t h  s i n g l e  
s p o r i d i a  o f  t h e i r  s p e c i f i c  r u s t ,  w i t h  p r e c i s i o n  and c e r t a i n t y .  
T h is  h a s  b e e n  a c h i e v e d ,  and  s i n g l e  s p o r i d i a  h av e  b een  i s o l a t e d  
b} mean» o f  th e  m i c r o d i s s e c t i o n  a p p a r a t u s  o f  D r .  C ham bers. The 
most f a v o u r a b l e  c o n d i t i o n s  f o r  s p o r i d i a l  i n f e c t i o n  w ere  t h e n  
d e t e r m i n e d ,  and  c u l t u r e s  k e p t  u n d e r  c o n t r o l l e d  c o n d i t i o n s .
The r u s t  u se d  w a s  P u c c i n i a  la a lv a c e a ru m , c h o s e n  b e c a u s e  i t s  
t e l e u t o s p o r e s  g e r m i n a te  im m e d ia te ly  th ey  a r e  r i p e  so  t h a t  a  
c o n s t a n t  s u p p ly  i s  a v a i l a b l e  o v e r  a  lo n g  p e r i o d .  T h is  
f a o i l i a t e d  p r e l i m i n a r y  e x p e r i m e n t a t i o n .
R e s u l t s  show t h a t  t h i s  f u n g u s  i s  h o m o t h a l l i c :  a  s i n g l e  
s p o r id iu m  b e i n g  s u f f i c i e n t  t o  c a u s e  i n f e c t i o n ,  and th e  
p r o d u c t i o n  o f  t e l e u t o s p o r e s .  T h i s  was t o  be e x p e c te d  s i n c e  
t h e r e  i s  no p y o n id lu m  o r  a e o i d i ’ira i n  t h e  l i f e  c y c l e .  The 
m ethod o f  i n o c u l a t i o n  h a s  u n i v e r s a l  a p p l i c a t i o n  f o r  t h e  r u s t s  
and  i t  i s  hoped  t o  d e m o n s t r a t e  t h i s  a t  o n ce  i n  a lo n g  c y c l e d  
fo rm .
R ev ie w in g  t h e  l i t e r a t u r e  on P u c c i n i a  m a lvace a ru m  s e v e r a l  
p ro b le m s  i n  t h e  l i f e - c y c l e  w ere  fo u n d  t o  be  a s  y e t  u n s o lv e d .
A s tW y  o f  t h e  c o m p le te  l i f e  h i s t o r y  by means d f  e x a m in a t io n  o f  
I n f e c t i o n s  o f  known a g o ,  made u n d e r  c o n t r o l l e d  c o n d i t i o n s ,  h a s  
h e lp e d  t o  e l u c i d a t e  t h e s e  p o i n t s .
I n f e c t e d  p l a n t s  i n  t h e  f i e l d  h av e  a l s o  b e e n  u n d e r  o b s e r ­
v a t i o n  day by day th r o u g h o u t  t h e  w i n t e r ,  t o  s o lv e  t h e  p ro b le m  
o f  h i b e r n a t i o n .  The r e s u l t s  f ro m  t h e s e  e x p e r im e n t s  show t h a t
t h e r e  I s  a  r e t a r d a t i o n  i n  t h e  c y o l e  c o n s e q u e n t  on  t h e  l e s s  
f r e q u e n t  o c c u r r e n c e  o f  s u i t a b l e  c o n d i t i o n s  f o r  g e r m i n a t i o n  
an d  i n f e c t i o n ,  b u t  now i n f e c t i o n s  do  o c c u r  w h e n e v e r  t h e s e  
f a v o u r a b l e  c o n d i t i o n s  p r e v a i l .
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( 1 )
A STUDY OP PROBLMS IN THE DiPE-CTCIiJB OP PUCCINIA MADVACEARUH, 
PROM ÎI0N08P0RIDIAL INOCULATIONS, AND CULTURES MADE UNDER 
CONTROLLED CONDITIONS.
INTRODUCTION.
T here i e  a l r e a d y  aocum ulated  eo w ide a  l i t e r a t u r e  
d e a l in g  w ith  P u c c in ia  m alvacearum , t h a t  eome j u s t i f i c a t i o n  
m ust he made f o r  y e t  a n o th e r ,  c o n t r ib u t io n .  D u rin g  r e c e n t  
y e a r s  th e  a t t e n t i o n  o f  b o t a n i s t s  h a s  a g a in  b een  drawn to  th e  
r u s t s  by th e  s u g g e s tiv e  r e s u l t s  o f  C ra ig ie * s  ex p e rim en ts  w ith  
P u c c in ia  N e l ia n th i  and P u c c in ia  g ra m in is .  These r e s u l t s ,  
s t im u la t in g  and s u g g e s t iv e  though  th e y  b e , c a l l  f o r  more 
p r e c i s e  e x p e r im e n ta t io n , and th e r e  seems to  be a  c ry in g  need 
f o r  s in g le  sp o re  c u l t u r e s  made from  th e  u n in u c le a te  sp o re s  o f  
th e  r u s t s :  from  p y cn ^ p sp o res  o r  from  s p o r id ia .  In  an endeavour 
to  h e lp  to  su p p ly  t h i s  need  th e  p r e s e n t  i n v e s t ig a t io n  was 
u n d e r ta k e n . The m a te r ia l  used  was d e te rm in e d  c h ie f ly  by th e  
f a c t  t h a t  i n  th e  b o ta n ic a l  g ard en  in  c o n n e c tio n  w ith  th e  
la b o r a to r y  o f  R oyal H ollow ay C o lle g e , th e r e  ap p eared  to  be a  
c o n tin u o u s  su p p ly  o f  te le u to s p o r e s  o f  P u c c in ia  m alvacearum  
w hich  have th e  v a lu a b le  c h a r a c te r ,  from  th e  p o in t  o f  view  o f  
an  i n v e s t i g a t io n  such  a s  t h i s ,  o f  b e in g  a b le  to  g e rm in a te  
w ith o u t a  p e r io d  o f  r e s t ,  so t h a t  s p o r id ia  can  be o b ta in e d  in  
g r e a t  numbers a t  any tim e  o f  th e  y e a r .  T h is  i s  a  " s h o r t  
c y c le d "  r u s t  and th e r e  a r e  no p y c n io sp o re s  in  th e  l i f e  c y c le .  
S p o r id ia  o f  P u c c in ia  m alvacearum  w ere th e r e f o r e  ohoeen f o r  
s in g le  sp o re  c u l t u r e s .  They a r e  v e ry  sm a ll and v e ry  d e l i c a t e  
b u t  w ith  a  C ham ber's m icro  «m an ip u lâ t o r  i t  h a s  b een  found 
p o s s ib le  to  t r a n s f e r  them , w ith o u t ex p o su re  to  d e s ic c a t io n ,  on 
to  a  h o s t .  The h o s t  p l a n t s ,  s p e c ie s  o f  M alva and A lth e a  w hich 
w ere u sed  f o r  th e  in o c u la t io n  e x p e r im e n ts , w ere grown from
( j  )
###* and k e p t In  a  g reenhouse  le a d in g  o f f  th e  p h y s io lo g y  room 
in  th e  l a b o r a to r y ,  f a r  removed from  th e  g a rd en  w here th e  
n a tu r a l ly  in f e c te d  p l a n t s  w ere g row ing .
W h ils t c o n s u l t in g  th e  l i t e r a t u r e  a l r e a d y  c o n tr ib u te d  
on t h i s  fu n g u s  i t  was a p p a re n t t h a t  th e r e  a re  s e v e ra l  gaps in  
o u r  knowledge o f th e  l i f e  c y c le ,  and a ls o  s e v e ra l  p o in t s  upon 
w hich  f u r t h e r  ev id en ce  i s  d e s i r a b le  f o r  t h e i r  more com plete  
s o lu t io n .  These p o in t s  a r e  em phasised  in  th e  fo llo w in g  s h o r t  
h i s t o r i c a l  a cco u n t o f  o u r  knowledge o f  th e  fu n g u s up to  th e  
p r e s e n t  t im e .
av
As e a r ly  a s  1882 P lo w rig h t p u b lis h e d  a  p a p e r  in  th e  
h a r d e n e r 's  C h ro n ic le  in  w hich he c o n s id e rs  th e  g e n e ra l  f a c t s  
o f  th e  l i f e  c y c le .  A sudden ep idem ic o f th e  h o lly h o c k  d is e a s e
(a?)
i n  M anchester le d  R obinson to  s tu d y  th e  r e l a t i o n s  o f  th e  
fu n g u s  to  th e  h o s t  p l a n t ,  th e  p a th o lo g y  o f  th e  invaded  o e l ls ^  
and th e  e x te n t  o f  in v a s io n  o f  th e  t i s s u e s .  So t h a t  in  E ngland 
th e  d is e a s e  h a s  been  s tu d ie d  more from  an economic th a n  a  
p u re ly  s c i e n t i f i c  s ta n d p o in t .
I n  A m erica, T aubenhaus, ( 3 i)  Dandeno, ( b) and 
D uggar ( 17 ) have a l l  mawie c o n t r ib u t io n s .  The fo rm e r i n t e r e s t e d  
h im s e lf  in  th e  p rob lem  o f  o v e rw in te r in g  o f  th e  fu n g u s , and i s  
opposed to  some o f  th e  s u g g e s tio n s  b ro u g h t fo rw ard  by th e  
o th e r  two A m erican w r i t e r s  on t h i s  p o i n t .  But p e rh a p s  th e  
name m ost r e a d i ly  a s s o c ia te d  w ith  P u c c in ia  m alvaoearum  i s  t h a t  
o f  E r ik s s o n  who c la im s  to  s o lv e  th e  h ib e r n a t io n  problem  
by h i s  myooplasm th e o iy .  He c o n s id e rs  ev id en ce  c ^ l e d  from  th e  
b e h av io u r  o f  P u c c in ia  m alvacearum , to  be in  com plete  agreem ent 
w ith  h i s  myooplasm h y p o th e s is .  I n  E ngland  t h i s  work h a s  been  
m ost o o n v in c in g ly  r e f u te d  by B a ily  (S ) .
The r e s u l t s  o f  th e s e  o b s e rv a t io n s  on o v e rw in te r in g  
a r e  a l l  sc  c o n fu s in g  and in  some o a se s  c o n t r a d ic to r y ,  t h a t  i t  
was th o u g h t p ro b a b le  t h a t  th e  r u s t  m ig h t behave d i f f e r e n t l y  in  
d i f f e r e n t  c l im a te s  w ith  re g a rd  to  o v e rw in te r in g . That i t  i s
( 3  )
e f f e c te d  by e x te r n a l  c o n d it io n #  i e  e v id e n t from  th e  f a c t  t h a t  
P r o fe s s o r  P u l l e r  f in d s  i t  d i f f i c u l t  to  c u l t i v a t e  in  W innipeg.
I t  t h e r f f o r e  seems p o s s ib le  th a t  th e  d i f f e r e n c e  in  b eh av io u r  
r e p o r te d  by Dandeno, and E r ik s s o n , may be e x p la in e d  by th e  
d i f f e r e n c e  in  c l im a te .  I n  t h i s  s tu d y  th e  fu ngus h as  been  
found  to  be m ost d ep en d en t on c o r r e c t  m o is tu re  r e l a t i o n s ,  and 
th e  n o n -o ccu rren ce  o f  th e s e  m ight l e a d  to  some s l i g h t  
d i f f e r e n c e  i n  b e h a v io u r . So f a r  no one h a s  c o n s i s t e n t ly  
o b se rv ed  th e  m ethod o f  s u r v iv a l  from  autumn to  s p r in g  in  
E n g lan d , and so e x p e rim en ts  have been  made to  t e s t  th e  b eh av io u r  
# f  th e  h o s t  and p a r a s i t e  d u r in g  t h i s  p e r io d .
A gain  P u c c in ia  m alvacearum  i s  one o f  th e  r u s t s  to  
w hich  a t t e n t i o n  h a s  tu rn e d  f o r  a  s a t i s f a c t o r y  e lu c id a t io n  o f  
th e  mode o f  o r ig in  o f  th e  d ip lo p h a se  in  s h o r t  c y c le d  fo rm s.
Prom oonyparison w ith  e v e n ts  in  th e  aeo id lum  o f  Phragm idium , 
Blackman and E ra s e r^ s u g g e s te d  a  s i& i l a r  m ig ra t io n  a t  th e  b ase  
o f  th e  t e l e u to s o r u s ,  w hereby t h i s  m igh t be e f f e c t e d ,  b u t w ere 
u n ab le  to  p ro d u ce  any e v id e n c e . W erth and Ludwig however 
c la im  to  have seen  t h i s  m ig ra t io n  o f  n u c le i  a lth o u g h  th ey  a ls o  
r e p o r t  th e  p re se n c e  o f  b in u o le a te  c e l l s  i n  th e  v e g e ta t iv e  
m ycelium . A r e c e n t  p a p e r  on s h o r t  c y c le d  r u s t s  by W a lk e r ,(34 )^ 
r e c o rd s  a  v a r i e ty  o f  ways in  w hich th e  i n i t i a t i o n  o f  th e  
d ip lo p h a se  i s  e f f e c te d .
There th u s  a p p e a r  to  be th r e e  m ain p rob lem s 
r e q u i r in g  f u r t h e r  i n v e s t i g a t io n
( 1 ) th e  o c c u rre n c e  o f  h o m o th a llism ,
( 8 ) th e  o r ig in  o f  th e  d ip lo p h a se ,
( 3 ) th e  problem  o f  h ib e r n a t io n .
( 4 )
MATERIAL AND METHODS.
Source o f  m a te r ia l .
The I n v e s t ig a t io n  o f  th e  l i f e  h is to r y  o f  a  r u s t  i s  
h an k ered  c o n s id e ra b ly  by th e  im p o s s ib i l i ty  o f grow ing th e  
fu n g u s  in d e p e n d e n tly  o f  th e  h o s t .  The o n ly  m ethod f o r  a  d e t a i l ­
ed s tu d y  i s  th e r e f o r e  th e  in o c u la t io n  o f  p l a n t s  day by d ay , 
fo llo w e d  by f i x a t i o n  a t  known i n t e r v a l s  and ex am in a tio n  o f  th e  
s ta g e s  o f  d e f i n i t e  age so o b ta in e d . F u r th e r ,  O r a ig i e 's  work 
on P u c c in ia  H e l i a n th i ,  and P u c c in ia  g ra m in is  s u g g e s ts  t h a t  a  
d i f f e r e n t  developm ent may ensue a c c o rd in g  a s  to  w h eth er th e s e  
in o c u la t io n s  a r e  th e  r e s u l t  o f  m o n o sp o rid ia l o r  o f  m u l t i -
hofiz
S p o r id ia l  i n f e c t io n .  I d e a l ly  th e n  in o c u la t io n s ^ w ith  (both} one 
and w ith  a  number o f s p o r id ia  sh o u ld  be made. In  th e  p r e s e n t  
s tu d y  b o th  th e s e  m ethods have been  u sed  to  e lu c id a te  th e  l i f e -  
h i s t o r y  o f  P u c c in ia  m alvacearum .
The d is e a s e d  p l a n t s  w hich w ere used  a s  a  so u rce  o f  
P u c c in ia  m alvacearum  f o r  th e  in o c u la t io n  ex p e rim en ts  were 
fo u n d  grow ing in  th e  B otany G arden o f  Royal Holloway C o lle g e , 
and  w ere o f  th e  fo llo w in g  s p e c ie s :  A lth e a  ro s e a ,  A lth e a  
o f f i c i n a l i s ,  M alva b o r e a l i s ,  M alva r o tu n d i f o l i a ,  and M alva 
s y l v e s t r i s .
The h o s ts  s e le c te d  f o r  th e  in o c u la t io n  ex p erim en ts  
w ere A lth e a  r o s e a ,  A lth e a  o f f i c i n a l i s ,  and M alva b o r e a l i s .  The 
seed  from  w hich  th e s e  p l a n t s  were grown was n o t s p e c ia l ly  
s t e r i l i s e d  b u t  freedom  from  th e  d ec ea se  was e v id e n t s in c e  in  
no c a se  d u r in g  th e  whole s tu d y  d id  in f e c t io n  o c c u r  w ith o u t 
i n o c u la t io n .  The p la n t s  when used  w ere abou t s ix  m onths o ld ,  
and w ere k e p t in  a  s p e c ia l  g reen h o u se . T h is  was n o t h e a te d  and 
th e  same ran g e  o f  te m p e ra tu re  was ex p e rien o ed  in  th e  house a s  
in  th e  f i e l d .
( 5 )
X npouXation.
a) By waTtf a p o rid ia #
From floX d o b s e rv a tio n #  i t  io  e v id e n t A hat th e  
p rononce o f  m o is tu ro  1 # on# o f  th e  e s e o n t la l  c o n d itio n #  f o r  
in f e c t io n ,  s in c e  th e  d is e a s e  1 # m ost p r e v a le n t  d u r in g  p e r io d s  
o f  damp w e a th e r . Tîii# f a c t  was bo rne  i n  mind when making th e  
In o c u la t io n  ex p e rim e n ts  in  th e  g reen h o u se . The p la n t  to  he 
in o c u la te d  was th e r e f o r e  f i r s t  sp ray ed  w ith  ta p  w a te r  and th e n  
p la c e d  in  a  damp cham ber. At f i r s t  a  b e l l  j a r  was c o n s id e re d  
s u f f i c i e n t  I b u t  i t  was found  t>iat m o is tu re  was n o t r e ta in e d  
f o r  a  s u f f i c i e n t l y  lo n g  p e r io d .  The u se  o f  an in n e r  in o c u la t io n  
cham ber was th e n  t r i e d .  The form  s e le c te d  was t h a t  o f  a  
c y l in d e r  th e  ro o f  o f  w hich  co u ld  be form ed by a  g la s s  p l a t s  
be& ring  th e  so u rce  o f  i n f e c t io n .  A sam ple o f  " f i n d o l i t e * ,— 
a  form  o f  s a f e ty  " g la s s*  c o n s is t in g  o f  a  th in  p l a t e  o f  m ica­
l i k e  su b s ta n c e  r e - in f o r c e d  by a  lo o s e  mesh o f f in e  w ire  seomed 
to  p o s se s s  th e  p r o p e r t i e s  r e q u i r e d . , f o r  i t  was p l i a b l e  and y e t  
s u f f i c i e n t l y  s tro n g  to  su p p o rt th e  g l* s s  p l a t e .  S t r i p s  o f  
t h i s  m a te r ia l  were sewn in to  c y l in d e r s ,  l i n e d  w ith  damp f i l t e r  
p<%per, and p la c e d  round th e  p l a n t .  Unf o r tu n a te ly  th e  m ic a - l ik e  
su b s ta n c e  p ro v ed  to  be some coxopound o f a c e to n e  and when dump 
th e  sm ell o f  t h i s  had a  p o iso n o u s  e f f e c t  on th e  p l a n t ,  c a u s in g
co/ve,
th e  le a v e s  to  tu rn  brown and^ u n h ea l th y .  O th er m ethods were 
t r i e d  arxd f i n a l l y  th e  m ost s u c c e s s fu l  in o c u la t io n  chamber was 
form ed by w rapping  & le n g th  o f  c o r ru g a te d  ca rd b o a rd  round  th e  
p l a n t  p o t t c  form  a  c y l in d e r .  The c a rd b o a rd  was e s p e c ia l ly  
u s e f u l  a s  i t  r e ta in e d  water^ when i t  was s a tu r a te d ,  f o r  a  
c o n s id e ra b le  p e r io d ,  and a ls o  th e  s in e  o f  th e  cham ber co u ld  
be e a s i ly  r e g u la te d  a c c o rd in g  to  th e  s i s e  o f  th e  p la n t  p o t 
u se d . The form  o f  th e  a p p a ra tu s  i s  seen  t e x t  f ig u r e  I .
( 6)
TE*T FKjüAé I. In o c u l a t i o n  a p p a r a t u s .
The p la n t  A I s  surrounded by th e  c y lin d e r  o f cardboard  3 . The 
ro o f  o f th e  chamber i s  formed by th e  g la s s  p la te  D. To th e  
un d ersid e  o f t h i s  an in fe c te d  l e a f  C from th e  garden i s  a tta c h e d  
by means o f v a s e lin e  on th e  upper s u r fa c e ,  so th a t  the  p u s tu le s  
of the  fungus on th e  low er s id e  o f th e  l e a f  a re  hanging in to  
th e  chamber. The h e ig h t o f th e  chamber was always so a rran g ed  
th a t  th e  source  o f in f e c t io n  was fo u r  o r  f iv e  in ch es  away from  
th e  p la n t  to  be in o c u la te d  in  o rd e r  to  ensure  a  f a i r l y  th in  
s c a t te r in g  o f s p o r id ia .  The g la s s  p la te  was p laced  in  p o s i t io n  
on top of th e  m o ist card b o ard  c y lin d e r , and the whole ap p ara tu s  
was th en  enc lo sed  in  th e  b e l l  j a r  E to  p rev en t unnecessary  
ev a p o ra tio n .
To o b ta in  th e  e a r l i e s t  s ta g e s  o fn in fe c t io n  f o r  
exam ination  th e  source of th e  d ise a se  was p laced  n e a re r  to  th e  
p la n t  to  ensure  a  d en ser s c a t te r in g  c f  th e  s p o r id ia  so th a t  
l e s s  l e a f  s u rfa c e  had to  be examined f o r  th ese  s ta g e s .
P re lim in a iy  experim ents showed th a t  g erm in a tio n  o f 
th e  te le u to s p o re s  began in  th re e  hours and co n tin u ed  in  ary 
one so ru s  f o r  a  day o r more. The p la n t  was th e re fo re  la b e l le d
( 7 )
and  l e f t  i n  t h i s  mu 1 s t  cham ber on t h e  g re e n h o u s e  b e n c h  f o r  48 
h o u r s  when o b s e r v a t i o n s  b e g a n ,
More th a n  a  h u n d re d  i n o c u l a t i o n s  i n  t h i s  m anner h av e  
b c c n  :m #e day  by da} d u r i n g  t h e  m on ths  O c to b e r  1W30 t o  June  
1931 e x c e p t  f o r  t h e  U n i v e r s i t y  v a c a t i o n s  a t  Xmas and  E a s t e r ,  
T h i s  p e r i o d  i n c l u d e s  t h e  w i n t e r  m on ths  and  i t  h a s  t h e r e f o r e  
b e e n  p o s s i b l e  t o  compare t h e  b e h a v i o u r  o f  th e  f u n g u s  i n  t h e  
g re e n h o u s e  d u r i n g  t h i s  t im e  w i t h  e v e n t s  o u t  o f  d o o r s .  On some 
de^ 8 i n  J a n u a ry  and  F e b r u a r y  t h e  minimum tu n y ^ e ra tu re  o f  th e  
h o u s e  was a s  low  a s  31 F ,  w h i l s t  t h e  maximum f o r  t h e  same day  
w as n o t  more t h a n  40 F . , show ing t h a t  t h e  te iqper a t u r e  was 
l i t t l e  d i f f e r e n t  f ro m  t h a t  o u t  o f  d o o r s  and  y e t  i n f e c t i o n  was^ 
o b t a i n e d ,  A w i n t e r  tempe r a t i è r e  t h e r e f o r e  i s  n o t  t h e  c a u s e  o f  
a b s e n c e  o f  g e r m i n a t i o n  o u t  o f  d o o r s ,  b u t  r a t h e r  u n s u i t a b l e  
m o i s t u r e  c o n d i t i o n s .
(^ ) M o n o s p o r ld ia l  i n o o u l a t i o n # .
I n  m aking  m o n o s p o r id i a l  i n o c u l a t i o n s  th e  p r e c e d u r e  
w as  a s  f o l l o w s .  A s m a l l  l e a f  f r a g m e n t  A c o n t a i n i n g  a  t e l e u t o ­
s o r u s  o f  t h e  fu n g u s  was f i x e d  by m eans o f  v a s e l i n e  on  t o  t h e  
b a s e  o f  a  m o i s t  chamber fo rm ed  by a  g l a s s  r i n g  B ( d i a m e te r  
I* in c h )  m ounted on  a  m ic ro s c o p e  s l i d e  0 .  A d ro p  o f  w a te r  D 
w as p l a c e d  n e a r  t h e  s o r u s  t o  e n s u r e  a  m o i s t  a tm o s p h e re .  The 
cham ber was e n c l o s e d  by a  c o v e r  s i  i p  c o a t e d  w i t h  a  f i l m  o f  p l a i n  
a g a r .  The w h o le  was i n v e r t e d  and  s u p p o r t e d  by two g l a s s  r o d s  
1 ,  E i n  a  P e t r i  d i s h .  The a p p a r a t u s  i s  s i & l l a r  t o  t h a t  u se d  
by R o b in so n ,  i n  h i s  e x p é r im e n te  on th e  g e r m i n a t i o n  o f  th e  
s p o r i d i a ,  o f  t h i s  f u n g u s .  The o u t e r  cham ber fo rm ed  by t h e  
P e t r i  d i s h  how ever  was fo u n d  u s e f u l  i n  p r e v e n t i n g  e v a p o r a t i o n .
( ? )
TEAT FIÇUAÊ C O V E K S L I P  C U L T U R E
Foi\ rvKONCtrtf^L (/xetuiwAT 10 iv* .
A f t e r  two o r  t h r e e  h o u r s  t h e  c u l t u r e  was exam ined . 
D u r in g  t h i s  t im e  t h e  t e l e u t o s p o r e s  h ad  g e rm in a te d  and s p o r i d i a  
w ere  b e in g  a b s t r i c t e d .  These f e l l  on t h e  a g a r  f i l m  and o o u ld  
b e  s e e n  on e x a m in a t io n  u n d e r  t h e  low  pow ers  o f  t h e  m ic ro s c o p e .  
T h is  f i r s t  s c a t t e r i n g  w as Eilways d i s c a r d e d .  A second  o o y e r s l i p  
was s u b s t i t u t e d  f o r  t h e  f i r s t  and t h e  c u l t u r e  r e - i n v e r t e d  f o r  
a  p e r i o d  o f  10 -  15 m i n u t e s .  T h is  e n s u re d  a  f r e s h  s c a t t e r i n g  
o f  s p o r i d i a  o f  known a g e .  These w ere  u sed  f o r  i n f e c t i o n  
e x p e r im e n t s .
I s o l a t i o n  o f  t h e s e  s p o r i d i a  w a s v e f f e c t e d  by means o f  
a  Chambers m icT<^& anipula tor f i t t e d  w i t h  a  m i c r o - p i p e t t e  
ooaJser t h a n  th o s e  u sed  f o r  m ic r o ^ in j  n o t i o n  a s  d e s c r i b e d  by
 ^ Ci)
Cham bers, These p i p e t t e s  w ere  made f ro m  h a r d  g l a s s  tu b i n g  o f  
5 ram. e x t e r n a l  d i a m e t e r .  T h is  w as f i r s t  drawn o u t  i n t o  a  
c a p i l l a r y ,  a b o u t  1 - 1 , 6  raia, i n  d i a m e t e r  i n  an  o r d in a r y  f l a m e ,  
F o r  th e  seco n d  p r o c e s s  a  m in u te  f l a m e  was u t i l i s e d  and th e  
c a p i l l a r y  p a s s e d  th r o u g h  th e  f la ia e  i n  a  d i r e c t i o n  away from  t h s  
w o rk e r  a s  recoinnended by Chambers, The c a p i l l a r y  s e p a r a t e d  
w i t h  a  s l i g h t  t u g ,  & f e e l i n g  Bo&les Lee d e s c r i b e s  a s  t h a t  
s x p s r i s n c s d  when a  t a u t  t h r e a d  h e l d  i n  th e  f i n g e r s  i s  p a r t e d  i n  
th e  f l a m e .  A f t e r  p r a o t i o e  m ost a t t e m p t s  w ere  s u o o e s s f u l .  The
( 9 )
l a s t  o p e r a t i o n  r e q u i r e d  th e  m ost s k i l l ,  i . e .  t h e  b e n d in g  o f  
th e  t i p  o f  t h e  m i c r o - p i p e t t e  t o  a  s u i t a b l e  a n g l e .
P r e l i m i n a r y  e x p a r im e n t s  n e x t  had t o  be made w i th  th o  
p i p e t t e  to  e n s u re  s u o o e s s f u l  i s o l a t i o n  o f  th e  s p o r i d i a .  The 
n e e d le  was clam ped i n t o  p o s i t i o n  i n  th e  m a n i p u l a t o r  and 
a d j u s t e d  f o r  f o c u s s i n g .  A f i l m  su c h  a s  t h a t  d e s c r i b e d  above 
was p l a c e d  i n  p o s i t i o n  above  t h e  cham ber and  t h e  s c a t t e r i n g  o f  
s p o r i d i a  b r o u g h t  i n t o  f o c u s .  A d ju s tm e n ts  w ere  t h e n  made 
a c c o r d in g  t o  t h e  h e i g h t  o f  eaoh cham ber w h ich  v a r i e d  w i th  th e  
d e p t h  o f  t h s  a g a r  f i l m , a n d  a  p a r t i c u l a r  s p o r id lu ra  w e l l  i s o l a t e d  
from  th e  r e s t  was s e l e c t e d .  S low ly  th e  mouth o f  th e  p i p e t t e  
was a d j u s t e d  u n t i l  t h e  s p o r id iu m  i n  i t s  d ro p  o f  w a t e r ,  w i t h  
w h ich  I t  i s  a b s t r i c t e d  from  th e  s t e r i g m a ,  was i n  th e  c e n t r e .
The v e r t i c a l  l e v e r  was t h e n  moved u n t i l  t h e  p i p e t t e  was i n  
c o n t a c t  w i t h  t h e  a g a r  f i l m  and th e n  q u ic k ly  t a k e n  o u t  o f  
c o n t a c t .  G e n e r a l l y  th e  s p o r id iu m  h ad  v a in ish ed .  Ifaa i t  w i t h i n
I
t h e  p i p e t t e  o r  had  i t  a d h e re d  t o  t h e  s id e ?  To d e te rm in e  t h i s  
th e  p i p e t t e  was removed from  th e  clam p o f  t h e  m a n ip u la t o r  and  
t h e  l i q u i d  t a k e n  u p ,b lo w n  on to  a  s l i d e .  I f  t h e  s p o r id iu m  h ad  
b e e n  sucked  up i t  was e j e c t e d  f ro m  t h e  p i p e t t e  w i t h  t h e  d ro p
o f  w a te r .  The p r e l i m i n a r y  e x p e r im e n ts  showed t h a t  t h i s  was
u s u a l l y  t h e  c a s e .  L a t e r  t h i s  e j e c t i o n  o f  th e  s p o r id iu m  was
f a o i l i t a t e d  by  f i r s t  a l l o w in g  t h e  t i p  o f  t h e  p i p e t t e  t o  come
i n  c o n t a c t  w i t h  and  su ck  up a  f u r t h e r  d ro p  o f  w a t e r .
I t  was th u s  a p p a r e n t  t h a t  s p o r i d i a  c o u ld  be s u c c e s s ­
f u l l y  i s o l a t e d  by t h i s  m eans. Would th e y  hdw ever g e rm in a te  
a f t e r  such  t r e a t m e n t t  To t e s t  t h i s  s e v e r a l  w ere  I s o l a t e d  a s  
d e s c r i b e d  above and  k e p t  i n  a  m o i s t  cham ber and  if ,^  th e  m o i s t  
c o n d i t i o n s  w ere  m a in t a i n e d  g e r m i n a t i o n  e n s u e d .  These  p r e l i m i n ­
a ry  e x p e r im e n t s  w ere  r e p e a t e d  w i t h  ea o h  new p i p e t t e  made.
The n e x t  s t e p  was t o  a p p ly  t h i s  m ethod to  p l a n t  
i n o c u l a t i o n s .  The p l a n t s  t o  be  i n o c u l a t e d  w ere  f i r s t  s p ra y e d  
w i t h  t a p  w a t e r  and  c o v e re d  w i t h  a  b e l l  j a r  f o r  4 - 6  h o u r s .
{ 1 0 )
A t f i r . t  t h l *  » a s  th o u g h t  t o  he  lo n g  enough t o  p ro d u o s  t h s
oocC
r e q u i r e d  m o i s t / r e c e p t i v e  c o n d i t i o n  o f  th e  h o e t , b u t  e x p e r im e n t  
showed t h a t  a  p e r i o d  o f  24 -  48 h o u r s  gave b e t t e r  r e s u l t s .  A 
f i l m  s c a t t e r i n g  o f  s p o r i d i a  was t h e n  p la c e d  o v e r  th e  m o is t  
cham ber o f  t h e  m a n i p u l a t o r .  The f i r s t  few  s p o r i d i a  i s o l a t e d ,
/iKt-
and th e  l a s t  few w ere t r a n s f e r r e d  t o  a  m o is t  cham ber («ee^^fig .
and k e p t  a s  c o n t r o l s .  The m id d le  i s o l a t i o n s  w ere  u se d  a s  
i n o c u l a t i o n s ,  e a c h  s p o r l d l i m  b e i n g  p l a c e d  a s  n e a r  a s  p o s s i b l e
téxt
on to  a  v e i n  . ( s e e ^ f i g . ^ m .  ) T h is  f i x e d  t h e  p o s i t i o n  f o r  
f u r t h e r  o b s e r v a t i o n .
T E K T  F I Q ü R E  3. L E A F  P O I N T S  OF I N O C U L A T  ( O N
OM THE  MAIN V E I N S .
Betw een eao h  i s o l a t i o n ,  t h e  p i p e t t e  was th o r o u g h l y  washed o u t  
i n  w a te r .  Even i f  t h e  p i p e t t e  f a i l e d  t o  i s o l a t e  a  s p o r id iu m  
i t  was c l e a n e d  i n  t h e  same way. T ha t  t h e  s p o r id iu m  h ad  b e e n  
d e p o s i t e d  on th e  l e a f  c o u ld  be d e m o n s t r a te d  by r e - i s o l a t i n g  i t  
f rom  th e  surfaces  o f  th e  l e a f  and d e p o s i t i n g  on a  m ic ro sc o p e  
s l i d e  w here i t  c o u ld  be  i d e n t i f i e d .  T h is  was done a t  i n t e r v a l s  
The b e l l  j a r  was r e p l a c e d  o v e r  t h e  p l a n t  a f t e r  e a c h  m onospore 
i n o o u l a t  i o n  .(nade ^
( / / )  -  
A fte r  each p la n t  had been f u l ly  in o c u la ted  i t  was 
p laced  in  an in n e r  chamber f o r  a  f u r th e r  48 h o u rs , e x a c tly  as  
f o r  th e  c u l tu re s  d e sc rib e d  above.
One p la n t  every day was s e t  a s id e  as  a  c o n tro l .  In  
no case  d id  any o f th e  c o n tro l  p la n ts  become Anfeoted.
Methods o f exam ination#
The f i r s t  s ta g e s  o f in fe c t io n  were most e a s i ly  
s tu d ie d  by s t r ip p in g  o f f  th e  upper ep iderm is o f th e  l e a f ,  
f ix in g  i t  in  70^ a lc o h o l , and s ta in in g  e i t h e r  w ith  c o tto n  b lu e  
in  d i l u t e  g ly c e r in e ,  e iy th ro s in ,  o r  G uegen's re a g e n t, (a  m ixture 
o f c o tto n  b lu e  and Sudan I I I  in  g ly c e r in e ) .
For exam ination  o f l a t e r  s ta g e s  o f developm ent, th re e  
methods were found u s e fu l .  The f i r s t  i s  d e sc rib e d  by Mangin (2^ ) 
in  h is  re se a rc h e s  on th e  P e ro n o sp o ra le s . The method i s  as 
fo llo w s . F resh  m a te r ia l  i s  f i r s t  b o ile d  f o r  a  few m inutes in  
m eth y la ted  s p i r i t  to  remove a i r .  The m a te r ia l  thus t r e a te d  i s  
p laced  in  h y d ro c h lo ric  a c id ,  o f o rd in a ry  s tr e n g th  o r  d i lu te d  
by an equal volume o f  w a te r . To t h i s  l iq u id  a re  added c r y s ta l s  
of po tassium  c h lo ra te  (about 1  gramme f o r  80 cubic c e n tim e tre s  
o f th e  l i q u id ) .  The t i s s u e  i s  l e f t  in  t h i s  s o lu t io n  o v e rn ig h t 
when i t  a t t a in s  a  w h ite  co lo u r . I f  i t  i s  s ti l l r jy e l lo w  more 
c h lo ra te  i s  added. A f te r  t h i s  th e  m a te r ia l  i s  washed in  w a te r 
and p re se rv e d  in  a lc o h o l.  T issu es  thus t r e a te d  can be su ccess^  
f u l ly  s ta in e d  w ith  oo^toa b lu e  in  d i lu t e  g ly c e r in e . The method 
is  u s e fu l  f o r  d e te rm in in g  th e  s ta g e  o f developm ent and l im i t s  
o f  th e  p u s tu le .
The second method i s  one fo rm erly  used by D r. Wager 
and was recommended to  th is^ d ep a rtm en t f o r  th e  in v e s t ig a t io n  o f 
hyphal b ranch ing  in  d g a ru s . I t  was found to  be o f u s e fu l  
a p p l ic a t io n  in  th e  p re se n t c a se . M oderately th in  hand s e c tio n s  
of th e  f r e s h  in fe c te d  l e a f  were made and f ix e d  in  a c e t ic  a c id  
f o r  a  few m inu tes. A f te r  w ashing w ith  w a te r  th e se  were s ta in e d
( z )
w ith  S a l a f i . l d ’ a ha*m*to%ylim. Th# a ta ln  waa allow ad to
Miey
a c t  u n t i l  th e  a e c tio n e  were o f a  deep brown c o lo u r and^were 
th en  r ln e e d  In  w a te r . L a te r  they  were t r a n s f e r r e d  f o r  a  few 
m inutes to  1 ^  potaeelum  h y d ro x id e , to  lo o sen  th e  hyphae, and 
mounted, e i th e r  in  d i lu te  g ly c e r in e  o r g ly c e r in e  j e l l y .  The 
o o v e rs lip  was tapped  in  o rd e r  to  lo o sen  th e  hyphae. T his method 
was u s e fu l s in ce  i t  i s o la te d  th e  fungus from  th e  h o s t t i s s u e  
and th e  d i s t r i b u t io n  o f the  mycelium and th e  ex ac t s ta g e  of 
developm ent were e a s i ly  seen . I t  was th u s  o f value in  detexm in­
ing th e  s ta t e  o f materiaüL b e fo re  more c a r e fu l  f ix a t io n .
The th i r d  method used was th a t  o f  embedding in  
p a r a f f in  wax and th e  p re p a ra t io n  o f microtome s e c t io n s .  The 
most u s e fu l  f ix a t iv e s  were found to  be A l le n 's  m o d if ic a tio n  o f 
Bouin and Ifedium-Chrom-Acetio. S ec tio n s  were cu t -  15/^ in  
th ic k n e s s . H a id en h a in 's  iron-alum -haem atoxy 1 i n , w ith  Congo 
red  a s  a  co u n te r  s t a i n  a s  recommended by Blackman^ Gram's 
io d in e  g e n tia n  v i o l e t ,  and Flem m ing's t r i p l e  s ta in  gave s a t i s ­
f a c to ry  r e s u l t s .
( 13)
HOICQTHAIÆISM.
The s h o r t  oyoled  l i f e  h is to r y  o f P u cc in ia  
malvacearum, and th e  absence o f p y o n id ia  and a e o id ia  suggest^  
i t s  h o m o th a llic  n a tu re . By means o f th e  p re c is e  ahd c e r ta in  
method o f in o c u la tio n  d e sc rib e d  above i t  has been d e f in i t e ly  
proved th a t  t h i s  r u s t  i s  h o m o th a llic  i . e .  in fe c t io n  fo llo w s 
from  th e  g erm in a tio n  of a  s in g le  sporid ium  and te le u to sp o re s  
a re  formed j u s t  as  ra p id ly  a s  they  a re  in  n a tu re  from  mass 
in o c u la t io n . D uring th e  course  o f t h i s  work some thousand 
s in g le  sporid ium  c u l tu re s  have been made. Of th e se  18 have 
been s u c c e s s fu l .  This may seem s l i g h t  evidence on which to  
base  th e  assum ption  o f hom othallism , b u t th e re  a re  two p o in ts  
to  be remamberedj y i r s t ^ th e  d e lio ao y  o f the  sporid ium  i t s e l f ^  
and secondly th e  amount o f h an d lin g  to  which i t  i s  su b je c te d  
d u rin g  th e  o p e ra tio n , 3 u t  a l l  o f th e  p re c a u tio n s  taiken seemed 
e s s e n t i a l  to  ensure d e f in i t e ly  th e  i s o la t io n  o f th e  s in g le  
sporid ium . Moreover th e  r e s u l t s  re p re s e n t th e  whole o f th e  
experim ents made and n a tu r a l ly  th e  f i r s t  were l e s s  su o o essfu l 
th an  th e  l a s t .  In  f a c t  c o n d itio n s  o f in o c u la tio n  became so 
p re c is e  a t  th e  end of th e  work th a t  9 out o f 20 i s o la te d
s p o r id ia  caused  in f e c t io n  on one p l a n t .  On th e  shoot shown
PULe 1
in  F ig . everyone o f th e  6  s p o r id ia  p u t on th e  l e a f  A, germ­
in a te d  and produced t e l e u to s o r i .  The o th e r  le a v e s  were not isrm 
in o c u la te d . The p re c is e  p o s i t io n  o f th e  s o r i  on th e  l e a f  i s  
due to  th e  f a c t  th a t  th e se  p o in ts  on th e  main v e in s  were always 
s e le c te d  f o r  in o c u la tio n . The occurrence o f homothaillism i s  
f u r th e r  supported  by th e  fo llo w in g  f a c t s .  F irs% , in  no case 
w ascthere  ev idence f o r  de layed  development such as  th e  s t e r i l e  
a e c ia  d e sc rib e d  by A llen  ( / ) in  m onosporid ia l c u l tu re s  o f 
P uoo in ia  g ram in is . Secondly no more tim e e lap sed  between 
in o c u la tio n  and th e  p ro d u c tio n  o f th e  te le u to s p o re s  in  s in g le
(sporid ium  ouX turss th an  In  tho  mass ônoouX atlons. In  P uoo in ia  
R s l ia n th i  C ra ig is  found th a t  a lth o u g h  h s ts r o th a l l i s m  was 
tho  r u le ,  som# m onosporid ia l c u l tu re s  would heoome spontaneous­
ly  d ip lo id ,  h u t developm ent took lo n g e r .
I t  i s  hoped to  use th i s  tech n iq u e  f o r  th e  in v e s t ig a ­
t io n  o f a  lo n g  cycled  r u s t ,  and to  dem onstra te  h e te ro th a l l is m  
and i f  p o s s ib le  th e  d i s t r i b u t io n  o f  th e  + and - s p o r id ia  on 
th e  promycelium. T his i s  p o s s ib le  in  th e  fo llo w in g  way. 
T e leu to sp o res  a re  f i r s t  i s o la te d  and p laced  on th e  ag ar f ilm  
on a  c o v e rs l ip  a t  th e  base  o f a  m o ist chamber. T h e ir  g e m in a ­
t io n  can be watched under th e  m icroscope. When th e  s p o r id ia  
a re  a b s t r i c te d  th e  p a th  o f  t h e i r  e je c t io n  i s  no ted  and the<% 
f i n a l  p o s i t io n  on th e  a g a r  f ilm . T his c o v e rs lip  f i lm  i s  th en  
removed from th e  m oist chamber and in v e r te d  o ver th e  m oist 
chamber o f th e  m iarom an ipu la to r. The s p o r id ia  a re  then  
t r a n s f e r r e d  to  th e  l e a f  in  d i f f e r e n t  com binations, acco rd ing  
to  t h e i r  p o s i t io n  on th e  promycelium. In  t h i s  way th e  
d i s t r i b u t i o n  o f  th e  f  and -  s p o r id ia  on th e  promycelium can 
be dem onstra ted .
The s ig n if ic a n c e  o f  hom othallism  in  th e  l i f e  h i s to r y ,  
w i l l  be more s u ita b ly  d e a l t  w ith  in  th e  d is c u s s io n  on th e  
o r ig in  o f th e  d ip ld p h a se . I t s  r e l a t io n  to  th e  phylogeny o f 
th e  group may be b r ie f ly  d isc u sse d  h e re .
A study o f  hom othallism  in  am toecious r u s t  l ik e
A.
P u c c in ia  malvacearum su g g es ts  th e  q u e s tio n  a s  to  w hether th e re  
i s  any r e l a t io n  between autoecism ^ and hom othallism , he teroec ism  
and h e te ro th a l l is m . Then fo llo w s  a  v a r ia t io n  o f th e  o ld  vexed 
q u e s tio n , a re  au to ec io u s  o r  h e te ro e c io u s  forms more p r im i t iv e t  
Blackman su p p o rts  th e  view th a t  h e te ro ec ism  i s  th e  more 
p r im i t iv e ,  and th e  m icro and le p to  form s CAme l a s t  in  e v o lu tio n  
by way o f apogamy. C hristm an c o n s id e rs , th a t  as  th e  c e l l  
fu s io n s  a re  pushed f u r th e r  and f u r th e r  back from th e  
te le u tc s p o r e , th e  sp o ro p h y tic  g e n e ra tio n  becomes lo n g e r  and
( /5)
lo n g e r  and eo an a e o id ia l  s ta g e  has been I n te r c a la te d .
The Id ea  th a t  h e te ro ec ism  i s  p r im it iv e  was d e riv ed  
from  th e  co n cep tio n  o f th e  sp e rm atia  a s  male organs and th e r e ­
fo re  forms w ith o u t spermogones should  apogamous developm ent. 
S ince th e  d isco v e ry  o f th e  fu n c tio n  o f  th e se  sp e rm atia  as  
o o n id ia  (C ra ig ie )  th e  co n cep tio n  o f autoeoism  as  th e  more 
p r im it iv e  c o n d it io n  i s  co n s id e ra b ly  s tre n g th e n e d .
A lthough i t  has not y e t  been d e f in i t e ly  prOved in  
a l l  c a se s , from  th e  r e s u l t s  o b ta in ed  w ith  P u c c in ia  g ram in is^  
and P u c c in ia  H e lia n th ij  i t  seems s a fe  to  assume th a t  r u s ts  
w ith  p y o n id ia  a re  h e te r o th a l l i o ,  and th o se  w ith o u t a re
6 t ,  a Z j h c c / o u s  £ ^ n c /o /3 k ^ /lu r » . o r  m a ' j
h o m o th a llic . But h e te r o th a l l io  fo rm s/in c lu d e  b o th ^  au to ec io u s
and h e te ro e c io u s  form s, In  th e  one genus Uromyoes,
and « f
SttdephyHumj^forms w ith o u t p y o n id ia  a re  sometimes heteroeoiouip/. 
C le a r ly  th en  no p a r a l l e l  can be drawn between autoeoism  and 
hom othallism , and h e te ro ec ism  and h e te ro th a l l is m . The 
te le u tc s p o re  i s  th e  im p o rtan t spore in  th e  l i f e  h is to r y  o f 
a l l  r u s t s ,  f o r  in  i t  th e  com plete fu s io n  i s  e f fe c te d  and l a t e r  
th e  re d u c tio n  d iv is io n .  I t  s tan d s  f o r  th e  b as id iu m ,th e  
common c h a r a c te r i s t i c  o f  th e  B asid iom ycetes. I t  seems 
p ro b ab le  th a t  th e  sh o rt c y c le d  forms a re  th e  more p r im it iv e .
( 6 )
LIFE CYCLE.
P e rio d  of  Development. The le n g th  o f tim e re q u ired  f o r  th e  
developm ent o f  r ip e  te le u to s p o re s  in  P u o o in ia  malvaoserum was 
fo u n t to  d i f f e r  ooneiderah ly  aooording to  th e  tim e o f  th e  y e a r  
a t  which th e  in o c u la tio n  was made. The f i r s t  v i s ib l e  s ig n  o f 
in fe o tio n  i s  a  t in y  w h its  sp o t o r  p u s tu le  on th e  under su rfa c e  
o f  th e  l e a f ,  w hich i s  found on exam ination  to  in d ic a te  th e  
g rouping  o f th e  hyphae a t  th e  low er e p id e n e is . The change o f 
th e se  sp o ts  to  a  yellow  t i n t  marks th e  change to  th e  d ip lo p h ase . 
The fo llo w in g  ta b le  has been com piled from evidence g a th ered  
by f ix a t io n  and o b se rv a tio n  o f  m a te r ia l  a t  known tim e s .
P f c R I O D  OF D 6 V & L  OP  M E N T  IN  MAS1> IN 0  C <J L A TIO A/5..
D a t e  o f
I(V0C.UUAT(0/V.
F I R ^ T  A  r P E A K A N C e
OF
F u s t  u i - e s .
/ N / T  (A T/OW OF Th e
t> i f e O P h a s e .
T E E C ü T O S P O H E ^
R i p e
f E R  fO Zi 
OF
OBSERVATION,
AucRAÇe
ITAi^ i n u m
r s n p
ml  t h is
rtveAisqe
n i K J i n i n
IN  T n  IS 
PERIDO.
H ^ a n
T E r r p
^cy i t /O D A y S A F f e A  i i voc . uLj \ h»t / i  P A y S  A F T E R  l Ai oC /% O A y S  A F  Ti e  A, ( A/ o C O c J S i  -  i s M r X ^
50*^. I Ï 6«
0  V
4 0  Y 4 . f V
/ f 0 Û  ........................... - ^ 5 .  ■■ i l . S ' V
/ t r  ••
•• S t .  6 ^ 7
1(3 ' 9  '  ■■
'  % u Â . n ‘^ 0^ s  7
l ù ( s '  •• •■ ■ 1 0
S ' / V
M O Y e  . t h e .  D A y S  M A « K E . D  W i t h  A A £  T H £  P C i P , I O O S  O  F  i MO ( U Kf *  T  l o m  i  M A O C
O M  C O M I C.  C U T  l l / ( â  X 3 A y $  A m o  U A T £ A  F i x  E O  A k L .  O N  T r t £  5 a M £  b A y  T H U S S T A I j e s  
O i P f u l ^ e / M ,  A Ç E  W E A f t  O A T A . M e o ,  t h e  O T H E A  O A T E S  A A C  t h e  © A y ^  O F  
I 0  ( . U u P i T  I OI \ l  P  , 0  SJ B E i M Ç  Ê F P a C T E D  l _A T ë  A Ml C O M * ^  C U T H / E  O A y S
Ç A  t t  T H E  S E Q O E M C e  O P  « M C H T S  i n  r u e  M A S S  f M o c  U L . A  T t Î S a / > _
( '1 )
s im i la r  r e s u l t s  to  th ese  j u s t  reco rded  were o b ta in ed  from 
o b se rv a tio n s  o f monospore in o c u la t io n s ,  as  may be seen  from 
th e  second ta b le .
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C le a r ly  th e re  i s  a  marked v a r ia t io n  o f th e  t a t s  o f  development 
w ith  th e  tem p era tu re , and t h i s  a^ in  v a r ie s  w ith  seaso n a l change. 
Thebperiod o f  development in  th e se  in o c u la t io n  experim ents i s  
s h o r te r  in  th e  sp rin g  and autumn than  in  th e  w in te r .  In  th e  
f i e l d ,  in fe o tio n  i s  found to  be most sev ere  a t  th e  form er 
p e r io d s ,  and i t s  s e v e r i ty  may p a r t ly  be ex p la in ed  by th i s  
quicken ing  o f th e  l i f e  c y c le ,  consequent on th e  h ig h e r  tem per­
a tu re s  experienoed  in  th e se  months. In  th e  w in te r  and summer 
th e re  i s  a  d ec rease  in  th e  v iru le n c e  o f  th e  d is e a s e .  The 
d ec rease  in  th e  form er p e r io d  i s  co n s id e red  in  an o th e r  s e c tio n  
o f th e  p ap e r, under h ib e rn a t io n . The summer d ec rease  re q u ire s  
a  f u r th e r  e x p la n a tio n . I t  may be due to  la c k  of m oistu re  o r  
to  an in c re a se  o f tem pera tu re^  above th e  optimum te n p e ra tu re  
s u i ta b le  f o r  developm ent. Had tim e allow ed th e  in o c u la tio n  
experim ents would have been con tinued  indoors  in  o rd e r  to  
d is c o v e r  w hether th e re  i s  such an optimum tem pera tu re  f o r  
developm ent and how f a r  th e  p e rio d  o f development d ec rease s  
w ith  an in c re a se  o f tem p era tu re .
At th e  beg inn ing  o f th e  work i t  was th o u g h tn th a t 
th e re  m ight be some d if f e re n c e  in  th e  r a te  o f development o f
( I S )
th e  r u s t  on d i f f e r e n t  h o s t a . An experim ent was made to  determ ­
in e  t h i s ,  from  fehruaxy  1 5 th  u n t i l  March 4 th , a  p la n t  o f 
A lth ea  ro se a , and a  p la n t  o f  A lth ea  o f f i c i n a l i s  were each 
in o c u la te d  every day. These two h o s ts  were s e le c te d ,  a s  th e  
le a v e s  show a  marked d if f e re n c e  o f te x tu r e .  The l e a f  o f A lthea  
ro sea  i s  th ic k  and has a th ic k  c u t i c l e ,  w h ils t  th a t  o f A lthea 
o f f i c i n a l i s  i s  much th in n e r  and h as  l i t t l e  o r  no c u t i c l e .  In  
s p i t e  o f t h i s  c o n s id e ra b le  d if f e r e n c e ,  th e  p u s tu le s  appeared 
on th e  same day on each co rrespond ing  p a i r  o f p l a n t s .  This
p e r io d  vauried from 16 days a t  th e  beg inn ing  o f th e  experim ent,
>
to  13 days a t  th e  end. f u r th e r  developm ent a lso  took p lace  a t  
th e  same tim e in  each c a se . O bservation  o f th e  behav iou r o f 
th e  fungus on o th e r  h o s ts  su p p o rts  t h i s  co n c lu s io n .
from  th e se  c o n s id e ra tio n s  i t  i s  apparen t th a t  th e  
r a te  o f developm ent o f P u c c in ia  malvaoearum, i s  independent 
o f th e  h o s t ,  b u t v a r ie s  ap p re c ia b ly  w ith  th e  tem p era tu re . 
E n tran ce  o f th e  mycelium and i t s  f u r th e r  development in  
haplophaee.
An exam ination  o f  a  one day o ld  in o c u la tio n , p rep a red  
as d esc rib e d  above (page 6 ) ,  shows s p o r id ia  s c a t te r e d  on th e  
su rfa c e  o f th e  ep id erm is. Some o f th e se  have j u s t  s ta r te d  to  
germ inate  by p u t t in g  ou t a  b e a k - lik e  p ro tu b e ran ce  from th e
r & x r
s id e  as  f ig u re d  (nu. f ); o r  from th e  h ilum . No rec o rd  has been 
o b ta in ed  o f more than  one germ tube emerging from a s in g le  
sporid ium  a lth o u g h  in  P u c c in ia  g ram in is  W aterhouse (32) r e p o r ts
th e  p resence o f two o r  even th re e  germ tu b e s . Under abnormal
i
c o n d itio n s  th e  germ tube o f th e  sp o rid ia ^ P u o o in ia  malvaoearum 
may branch i r r e g u la r ly .  Robinson^# (a^)  found t h i s  to  occur 
when p ie c e s  o f P rim ula o r  Geranium l e a f  were p laced  n ear th e  
s p o r id ia .  The age o f th e  s p o r id ia  in  a  one day o ld  inocu­
l a t i o n  v a r ie s  from fo u r  to  twenty fo u r  h o u rs , and those  which 
were a b s t r i o f ^ f i r s t  a re  seen  to  have e f fe c te d  a su c c e ss fu l
( 14 )
e n t r y t h e  younger one* have no t e ta r to d  to  g e m in a te .
I t  ehouXd perhap# be e ta te d  h e re , th a t  e p o r ld ia  
caught on a  dry e o v e re llp  eno loeing  a  m olet chamber germ inate 
r a p id ly .  Robineon ( 2 9 ) In v e e tig a te d  th e  g erm ina tion  o f th e se  
e p o r ld la ,  and found th a t  th e  g e m  tu b es  always grew out o f a 
w a te r drop In to  th e  m o ist atm osphere around. They were a lso  
found to  be n e g a tiv e ly  p h o to tro p io , and a lthough  fragm ents o f 
H ollyhock o r Mallow l e a f  e x c ite d  no ohemo tro p  ism th e  p resence 
o f Geranium o r  P rim ula le a v e s  in h ib i te d  g e rm in a tio n . When 
grown in  a c o v e rs l ip  c u l tu r e  in  a  m o ist atm osphere development 
on ly  p roceeds f o r  a  sh o r t tim e. The sporid ium  i s  a t  f i r s t  
u n in u c le a te , b u t a  n u c le a r  d iv is io n  ma} occpr im m ediately i t  
i s  formed so th a t  even b e fo re  a b s t r l c t i o n  th e  sporid ium  i s  
b in u o le a te , (Text f i g .  4- ) On g erm in a tio n  a  f a i r l y  th in  hypha 
i s  f i r s t  p u t o u t. The c o n te n ts  o f th e  sporidium  slow ly p ass  
in to  th i s  tu b e . I f  th e  germ tube i s  formed from th e  hilum , 
th e  o p p o site  end o f  th e  spore  becomes empty bu t th e  n u c le i 
rem ain alm ost a t  th e  su rfa c e  of th e  r e t r e a t in g  p ro top lasm  and 
do not p ass  in to  th e  tu b e . I f  g e rm in a tio n  i s  l a t e r a l ,  two 
la r g e  vacu o les  a re  formed and th e  n u c le i  rem ain in  th e  c e n t r a l  
band of cy toplasm . T his can be seen  by re fe re n c e  to  the  
accompanying t e x t  f ig u r e ,  (no . 4 )
r e x T - F I G U R E  4. .  S P O R I D I A  Q E R M I N A T J N Q  O N  A C o v E R S L l R
(20)
The event# j u a t  d eso rib ed  a re  th e  more u eu a l. In  eome oover- 
• l i p  c u l tu re s  however, development o f a  f in e  p e n e tra t io n  hypha 
oooura. ( te x t  f i g ,  s  ) j u s t  a t  th e  t i p  o f  th e  germ tube a very  
f in e  hypha (p) can be seen  coming ou t a t  r ig h t  a n g le s .
tex t  F «}OR6 If.  SRo R - o /A POTTIn <J Out  / N F ê C T / oN  viE S i C ^ - S .
In  r e l a t iv e ly  few er cases  s t i l l ,  t h i s  p e n e tr a t io n  hypha sw e lls  
ou t agAln in to  an In fe c t io n  v e s ic le  (v) s im ila r  to  th a t  formed 
w ith in  th e  ep iderm is o f th e  h o s t p l a n t .  I t  was li^posslb le  to  
determ ine what were th e  p a r t i c u la r  c o n d itio n s  which c o n tro lle d  
t h i s  f u r th e r  developm ent. The p e n e tr a t io n  hypha^always tw  p u t 
ou t on th e  s id e  in  c o n ta c t  w ith  th e  c o v e rs llp  so th a t  th e re  may 
be a c o n ta c t s tim u lu s  a t  work
In fe c t io n  o f th e  ep iderm is o f th e  h o s t p la n t  p roceeds 
a s  fo llo w s . The b e a k - lik e  p ro tu b e ran ce  grows a  l i t t l e  in  
le g g th  and from  th e  t i p  o f  t h i s  a  f in e  p e n e tr a t io n  hypha i s  
p u t o u t, j u s t  a s  has been d e sc rib ed  in  th e  c o v e rs l lp  c u l tu r e s .  
The p e n e tr a t io n  hypha p ie r c e s  th e  ep iderm al w a ll and slow ly 
works i t s e l f  in .  Once th e  c e l l  i s  e n te re d  th e  c o n te n ts  o f  th e  
sporid ium  p a ss  th rough t h i s  f in e  p e n e tra t io n  hypha, to  form an 
in f e c t io n  v e s ic le .  In  p re p a ra tio n s  s ta in e d  w ith  c o tto n  b lu e ,  
t h i s  p e r fo r a t io n  can e a s i ly  be seen , ( p la te  IL f l g t  2 and 3)
( ai )
J trlk sso n  <iq) d e sc rib e #  th e  en try  o f th e  g e m  tube 
o f  th e  sporid ium  in to  th e  epiderm al o e l l  th u s: *w ahrsohein iich  
in fo lg e  e in e r  a u f lo s in d e n  Ifiimrirkung des K orpers s e lb s t  auf 
d ie  JSpidemiswand b i ld e r  s io h  an den K ontaktpunktohen e in e r  
s i h r  k e in es  kaum s ic h tb a re s  Loch durch  das s ic h  d ere  In h a lt  
d es  K orpers h in e in g ie s s t" .
D esc rib in g  th e  en try  o f th e  germ tube o f th e  sporidium  
in  F u o c in ia  g ram in is  A llen  ( i ) r e p o r ts  a  th ic k e n in g  o f the  
c e l l  w a ll o f th e  h o s t a t  th e  p o in t o f  p e r fo ra t io n  b u t t h i s  has 
no t been seen  to  occur in  in fe c t io n  by P uoo in ia  malvacearum.
A l a t e r  s tag e  o f  in fe c t io n  i s  seen in  p la te  IL 
f ig u re  i .  T his i s  s t i l l  w ith in  th e  f i r s t  tw enty fo u r  hours 
a f t e r  in o c u la t io n , k n try  has been e f f e c te d  th rough  th e  narrow 
neck ( a ) ,  th e  in fe c t io n  v e s ic le  i s  j u s t  fo m ln g , and the  
c o n te n ts  a re  p a ss in g  in .  The sporid ium  i s  ly in g  on th e  su rfa c e  
of th e  ep id e rm is , bu t th e  v e s ic le  i s  in s id e  th e  c e l l ,  and i s  
no t c le a r ly  d e fin ed  a t  t h i s  fo c u s . By making a  s l i g h t  a d ju s t ­
ment to  th e  m icroscope t h i s  i s  soon brough t in to  fo cu s . The 
h o s t n u c leu s , i s  more c e n t r a l ly  p la ce d  in  th e  c e l l ,  and so 
i s  a t  a  s t i l l  d i f f e r e n t  fo c u s . The p o s i t io n  i s  in d ic a te d  in  
th e  draw ing. Ifot a l l  th e  s p o r id ia  which g e m in a te  g a in  en tsy  
as  i s  ev idenced by th e  p resen ce  o f th e se  e a r ly  s ta g e s  in  o ld e r  
in f e c t io n s .
In f e c t io n  never occu rs  th rough  a  stoma a lthough  one 
may be n ear a t  hand. Sometimes a c o n s id e ra b le  dep th  o f o e l l  
w a ll  i s  p e n e tra te d  b e fo re  e n try  in to  th e  c e l l  i s  e f fe c te d  as  
shown in  p la t e  IE. f ig u re  2 . In fe c t io n  th rough th e  low er 
wpiderm is i s  r a r e .
The prim ary in f e c t io n  hypha. Once th e  p e n e tra t io n  tube has 
en te re d  th e  o e l l  th e  t i p  sw e lls  to  f o m  what w i l l  now be termed 
th e  prim ary in fe c t io n  hypha. Two e a r ly  s ta g e s  in  th e  develop­
ment o f  t h i s  a re  seen in  p la te  I I .  f ig u re  y. The hypha i s  a t
f i r s t  b lnuoX sats, bu t most f re q u e n tly  a  d iv is io n  w a ll I s  formed 
a  s h o rt  d is ta n c e  from the  t i p  d iv id in g  th e  sw ollen hypha in to  
two u n in u c lea te  c e l l s .  The development o f th i s  w a ll must tak e  
p la c e  w ithou t n u c lea r d iv is io n .  At t h i s  s tag e  in  F uocin ia  
g ram in is A llen  re p o r ts  th e  freq u en t p resen ce  o f two n u c le i in  
th e  c e l l  n e a re r  the  p o in t o f  e n try . T his su g g ests  th e  d iv is io n  
of one o f th e  two n u c le i o f th e  a s e p ta te  v e s ic le  and the form­
a t io n  o f a w allybetw een th e  daugh ter n u c le i .  I t  was thought 
p robab le  th a t  t h i s  was th e  case in  F u co in ia  malvacearum, bu t 
th e re  i s  no evidence f o r  t h i s .
The prim ary in fe c t io n  hypha grows in  le n g th , f r e ­
q uen tly  in  th e  d i r e c t io n  o f th e  nucleus o f th e  h o s t c e l l .  The 
f u l l  s ig n if ic a n c e  o f t h i s  i f  any, i s  d i f f i c u l t  to  in t e r p r e t ,  
except th a t  th e  nucleus i s  th e  c e n tre  o f th e  most a c tiv e  
m etabolism  o f th e  o e l l  and as such o f f e r s  th e  b e s t  n u t r i t io n
to  th e  Invading hypha. (F la ts  I I .  f ig u re  4 . )
The in d iv id u a l c e l l s  o f the  prim ary in fe c t io n  v e s ic le  
have w e ll marked n u c le i ,  b u t as  the  c e l l s  become o ld e r ,  the  
p ro top lasm  becomes more vacuolate»  The c e l l s  a re  q u ite  
c h a r a c te r i s t i c  in  form f o r  they a re  much w ider than  those  o f 
th e  mycelium to  which th ey  give r i s e .  The prim ary in fe c t io n  
hypha most commonly becomes only th re e  o r  fo u r  c e l l s  long .
o n d L
I t  may a t t a i n  a  le n g th  o f f iv e  o r s ix  c e l l s ,  -but does not
always remain confined  to  th e  one epiderm al c e l l  (Text f i g .  6 )
text F i ç o ^ e i . Pr i m a r y  In f ect ion  HyFHA i n v a o i n ç  A n ê i<;h- aooRiN^.e.e,i-E.
( as )
Thl« came f ig u re  ehowa Bow th e  in fe c t io n  o f a  neighbouring c e l l
c e l l
has been aocom pllshsd. The hypha In  th e ^ to  the  r ig h t  i s  s t i l l  
b road  and i r r e g u la r  and appears to  be a  c o n tin u a tio n  o f th e  
prim ary in fe c t io n  hypha, w ith  atll i t s  c h a r a c te r i s t i c s .  I t  
cannot be confused w ith  th e  h a u s to r ia  which a re  l a t e r  found 
in  th e  neighbouring  c e l l s  o f th e  ep id erm is . There i s  q u ite  as  
marked a  d if fe re n c e  in  th e  r a te  o f development o f th e  prim ary 
in fe c t io n  hypha as  in  th e  oonq>lete development o f th e  p u i tu le .
In  May th i s  3 c e l le d  s tag #  was ach ieved  in  twenty fo u r  h o u rs , 
a f t e r  in o c u la tio n , w h ils t  in  th e  w in te r  months i t  was not u n t i l  
two o r  th re e  days a f t e r  in o c u la tio n  th a t  th i s  s tag e  was 
reached .
A f te r  t h i s ,  development ta k e s  p lac e  r a p id ly ,  and 
w ith in  th e  nex t few days marked p ro g re ss  i s  made in  the  
in v a s io n . The c e l l s  o f th e  prim ary in fe c t io n  v e s ic le  a rc  seen 
to  be sending ou t f in e r  b ra n c h e s , th e  beg inn ings o f which can 
be seen  in  p la te  I I .  f ig u r e s  A and O enerally  the  f i r s t  
c e l l  rem ains unbranched, bu t th e  younger ones branch f r e e ly .  
These branches grow in  a l l  d i r e c t io n s .  At f i r s t  they a re  
con fined  to  th e  epidezm al c e l l s  im m ediately surrounding  the  
p o in t  o f th e  prim ary in fe c t io n .  They p ie rc e  the  w a lls  o f th e  
h o s t c e l l s  th rough  f in e  p e r fo ra t io n s  always becoming c o n s tr ic te d  
th e r e ,  bu t sw e llin g  ou t on th e  f a r  s id e .  This v e g e ta tiv e  
mycelium becomes bo th  i n t e r c e l lu l a r  and in t r a c e l lu l a r .  As 
in fe c t io n  u su a lly  occurs on th e  upper ep iderm is o f the  l e a f  th e  
p a lis a d e  parenchyma w ith  i t s  few I n te r c e l lu l a r  spaces allow s 
very  l i t t l e  development o f t h i s  ty^e o f mycelium. The hyphae 
g e n e ra lly  e n te r  th e  p a lis a d e  c e l l s ,  form h a u s to r ia  and then  
p ass  on. Once f re e  o f t h i s  compact t i s s u e  the  mycelium becomes
c h ie f ly  i n t e r c e l lu l a r ,  ram ify ing  in  th e  m esophyll, and p u t t in g  
ou t la rg e  h a u s to r ia  in ^ th e  c e l l s  o f a l l  t i s s u e s .  JSaoh p u s tu le
(S4)
always d sv slo p s in  r e la t io n  to  one o r more v aseu l&r s tr a n d s ,  and 
h a u s to r ia  a re  formed abundantly  In  th e  phloem reg io n . Although 
en tiy  to  th e  v e s s e ls  I s  sometimes aoh ieved , l i t t l e  f u r th e r  
development ooours in  th e se . Robinson (a%) rep o tte d  a  marked 
d im in u tio n  in  s ta r c h  in  th e  reg io n s  Invaded by th e  fungus. A 
good d e a l o f  con fu sio n  has e x is te d  in  reg a rd  to  th e  h a u s to r ia  
o f F u o c in ia  malvaoearum. Taubenhaus ( 31) re p o r ts  them to  be
V/E.
in fre q u e n t bu t o th e r  workers^ Sapp in  Trouffy  ( 3 o )  I r ik s s o n  ( )
and Robinson ) found them to  be o f u n iv e rsa l  o ccu rrence , 
as  found in  th e  p re se n t s tu d y . They a re  most v a r ia b le  in  form 
and a re  w a ll d esc rib ed  by Sapp in  T rouffy: "Lee souoo irs  son t t r è s  
v a r ia b le s .  I l s  pouvant ê t r e  fo u rch u s , s p lr a le 's ,  raaeux , 
u t r i c u l a i r e s  ou marne pe lo to n n as  à  1*in t é r i e u r  des c e l lu le s  
h o sp ita lie rs* * . They can e a s i ly  be seen in  th e  f re s h  co n d itio n
wi/K
b u t a re  e s p e c ia lly  w e ll shown in  m a te r ia l  s ta in e d  i#  g e n tia n  
v io l e t ,  Mach haustorium  i s  u n in u c lea te  and commonly becomes 
a s so c ia te d  w ith  the  nucleus o f th e  h o s t c e l l ,  In  the  same way 
as does the  prim ary in fe c t io n  hypha. By means o f p lasm o ly s is  
experim ents^Robinson has shown th a t  th e  c e l l s  o f  th e  h o s t 
p la n t  rem ain a l iv e  f o r  a  c o n s id e rab le  tim e a f t e r  the  en try  of 
th e  h a u s to r ia  a lth o u g h  v a rio u s  changes consequent on th e  en try  
o f th e  h a u s to r ia  can be dem onstrated: th e  c h lo ro p la s ts  become 
aggregated  round th e  n u c leu s , lo se  t h e i r  co lo u r  and d is in te g r a t i ;  
and th e  nucleus moves from a  p e r ip h e ra l  p o s i t io n ,  tow ards th e  
c e n tre  o f th e  c e l l  in c re a s in g  in  s is e  and showing a  d im inu tion  
in  Chromatin c o n te n t.
Thus a t  t h i s  tim e th e  in fe c t io n  c o n s is ts  o f  an 
i n t e r c e l lu l a r  v e g e ta tiv e  mycelium conyosed o f long u n in u c lea te  
segments t ra v e rs in g  th e  spaces o f th e  surrounding  t i s s u e ,  and 
an i n t r a c e l lu l a r  grow th, w ith  w e ll developed h a u s to r ia ,  tapp ing  
the  food supply o f th e  h o s t t i s s u e s .  Meanwhile the  prim ary 
in fe c t io n  hypha i s  dead and appears in  th e  epiderm al c e l l  
d isc o lo u red  w ith  th e  yellow  p ro d u c ts  o f d is in te g r a t io n  (plateiFi^
Th. p o in t o f  « n try  o f t h .  t n f .c t lo n  ean h# . . . n  In  t h .  
epiderm al c e l l  ( c ) .  Prom this/^hyphae a re  seen to  ram ify in  
th e  p a lle a d e  c e l l s  imm ediately below th e  prim ary in fe c t io n ,
&a
a n d ^ rad ia te  ou t through a l l  th e  l e a f  t i s s u e s .  T ypical and w e ll 
marked h a u s to r ia  can be seen a t  th e  e x tre m itie s  o f th e  
i n t e r c e l lu l a r  hyphae. A lthough the  hyphae a re  s e p ta te ,  
s e p ta tio n  i s  o f te n  d i f f i c u l t  to  see in  microtome s e c tio n s , f o r  
th e  c e l l s  o f  th e  mycelium a re  very  lo n g , and the  in te r la c in g  
makes i t  d i f f i c u l t  to  see a good le n g th  o f the mycelium a t  
once. The c e l l s  a re  u n in u c lea te  a t  t h i s  s ta g e , th e  n u c le i 
p o ssess in g  w e ll marked n u c le o l i .  The mode o f d iv is io n  o f th e se  
v e g e ta tiv e  n u c le i  i s  c h a r a c te r i s t i c  o f th e  r u s t s ,  th e  chrom atin
a /y o a o L T S  /S
/ is  no t d iv id e d  in to  ehromosomes$r b ut i s^drawn a p a r t as 
u n d if f e r e n t ia te d  m asses, between which a  k inoplasm lc th read  
re p re s e n ts  th e  sp in d le .
A l i t t l e  l a t e r  s ta g e  than  th e  one f ig u re d  shows th e  
mycelium to  have invaded th e  low er ep iderm is and formed 
h a u s to r ia  in  th e se  c e l l s .  As a response to  th i s  check in  
in v asio n  a  second development seems to  tak eb p lace . (plateiii^^^) 
The i n t e r c e l lu l a r  mycelium begins to  b ranch  re p e a te d ly , the  
b ranches grow in  the  d i r e c t io n  o f th e  c e n tre  o f  th e  p u s tu le , 
i . e .  in  a  re v e rse d  d i r e c t io n  to  t h e i r  p rev io u s  developm ent.
Xach o f th e se  b ranches assumes a b ro ad er form th an  th e  e a r l i e r  
b ranches o f th e  v e g e ta tiv e  mycelium, and becomes c lub -shaped .
A s in g le  nucleus i s  seen a t  th e  t i p  o f each , t h i s  appears 
l a r g e r  than  th e  n u c le i o f  th e  v e g e ta tiv e  mycelium. This 
m assing of th e  mycelium ta k e s  p lace  w ith  g re a t  r a p id i ty .  In  
f a c t  m a te r ia l  examined one day, in  whioh theboyeelium  was seen 
to  be invading  th e  low er epiderm is,w as shown to  be in  t h i s  la te r  
c o n d itio n  by th e  next m orning. The p u s tu le s  s t i l l  appeared 
w h ite  to  th e  naked eye.
Development In  d ip lo p h ase .
The change in  co lo u r o f th e  p u s tu le  from th e  w hite 
t i n t  o f  i t s  f i r s t  appearance to  a  p a le  yellow  t i n t ,  marks th e  
i n i t i a t i o n  o f th e  d ip lo p h aee . The c o lo u r become# deeper and 
deeper in  shade u n t i l  f i n a l l y  the ep iderm is i s  ru p tu re d , and 
th e  ru s ty  brown te le u to sp o re s  a re  exposed.
U n fo rtu n a te ly  th e  o y to lo g io a l d e t a i l s  o f th e  change 
from  haplophase to  d ip lo p h ase , a re  not a t  a l l  e a s i ly  observed, 
and although  a ttem p ts  to  d isco v e r how th e  d ip lophase  i s  
i n i t i a t e d  have been made, th e  problem s t i l l  rem ains unsolved .
The d iscovery  o f n u c lea r m ig ra tio n  a t  th e  base o f 
th e  aeoidium  o f Phragmidium vio lao ium , F u o c in ia  poarum, and 
Uromyces poae le d  Blackman and F ra se r  to  in v e s t ig a te  th e  mode 
o f o r ig in  o f th e  d ip lophase  in  th e  sh o rt oyole r u s t s ,  and 
F u o c in ia  malvacearum was one sp ec ie s  they  chose f o r  t h e i r  
Study. They o b ta in ed  no d e f in i t e  evidence o f m ig ra tio n  
a lthough  young te le u to s p o te s  were b in u o le a te  and indeed 
fre q u e n tly  t r in u c le a te .  They had a lso  found t r in u c le a te  
te le u to s p o te s  in  F u co in ia  poarum where they  had dem onstrated 
n u c le a r  m ig ra tio n  a t  th e  base o f th e  aeoidium . From th i s  
s im i la r i ty  they  concluded th a t  th e  method by which th e  
b in u o le a te  c o n d itio n  i s  achieved i s  s im ila r  in  F u co in ia  
malvacearum, b u t tak es  p la ce  a t  th e  base o f the  te le u to s o ru s .  
In  1906 they  re p o rte d  a s  fo llo w s "very c a re fu l  se a rc h  f a i le d  
to  re v e a l th e  ex ac t method by which th e  t r a n s i t i o n  from the  
s in g le  to  th e  con jugate  n u c le a r  s ta t e  i s  brought abou t. The 
sm allness  o f th e  c e l l s  and n u c le i and th e  absence o f any 
re g u la r  group o f c e l l s  — such as  a re  found in  th e  aeoid isu . 
on which a t t e n t io n  may be focussed  re n d e rs  th e  ta sk  o f 
a le u o id a tin g  such a  p o in t  alm ost h o p e le s s" . ( 6 )
In  1912 Werth and Ludwig (33) a ttem pted  to  so lve 
t h i s  problem , and claim ed to  have e s ta b lis h e d  n u c lea r
( ^ 7)
m ig ra t io n .a t  th e  base o f  th e  te le u to s o ru s  as  Blaokman and 
F ra se r  had d eso rib ed  f o r  o th e r  r u s ts  a t  the  base o f th e  a e o id im  
They re p o rte d  s e l l  fu s io n s  between th e  t i p s  o f c lub-shaped 
hyphae. The fu s in g  s e l l s  were u s u a lly  o f unequal s i s e ,  and 
th e  nucleus o f th e  sm a lle r  passed  o ver in to  th e  la r g e r .  The 
s a t i s f a c t io n  o f t h i s  ex p lan a tio n  i s  s p o i l t  by th e  fu r th e r  
r e p o r t  th a t  b in u o le a te  c e l l s  were o cc a s io n a lly  found in  th e  
v e g e ta tiv e  t i s s u e .  This occurrence they  were unable to  ex p la in .
In  191A Moreau (5 3 ^) found th e  o r ig in  o f  th e  d ip lo ­
phase to  be e f fe c te d ,  not by n u c le a r  m ig ra tio n , b u t by 
d is s o lu t io n  o f th e  common w a ll between two contiguous c e l l s .
"Les c e l lu le s  p roches de l*epiderm e s 'a l lo n g e n t ,  se m eltan t 
b ie n tô t  p a r  p a i r e s  e t  se fu s io n n en t La c lo iso n  q l i  séparé  
deux c e l lu le s  se d is s o u t a  l a  p a r t i e  su p é rie u r . I l  en r e s u i te  
une c e l lu le  b in u o lèé e " . T his i s  th e  method d e sc rib ed  by 
Christm an f o r  Fhragmidium speoiosum, Caeoma n ite n s  and 
Uromyces C a la d i i ,  and by Blaojcman and F ra se r  f o r  Melampsora 
R o s tr tp i .
In  1927 Miss A llen  In  a  o y to lo g io a l study o f th e  long  
cycled  ru s t  F u o c in ia  g ram in is  rep o rte d  y e t  an o th er mode of 
o r ig in  o f th e  d ip lo p h ase . She found th a t  a f t e r  pyoniospores 
a re  t r a n s f e r r e d  to  an in fe c t io n  "the number o f n u c le i in  th e  
sp o ro p h y tic  c e l l s  in  t h i s  reg io n  in c re a s e s ,  ap p aren tly  by 
n u c le a r  d iv is io n s .  C e lls  w ith  th re e  to  s ix  n u c le i a re  common.
On th e  f o r th  day a f t e r  f e r t i l i s a t i o n  th e se  m u ltin u o lea te  c e l l s  
push down in to  th e  s t e r i l e  space making t i s s u e  o f th e  aecium 
to  produce spore ch a in s ; j u s t  b e fo re  d iv is io n  a  m u ltin u o lea te  
o e l l  c o n ta in s  8 o r  10 n u c le i .  These e x tr a  n u c le i a re  u t i l i s e d  
in  form ing th e  b i-n u c le a te  spore-m other c e l l s  so th a t  th e  
number in  th e  b a s a l  o e l l  s te a d ily  d e c re a se s . In  w e ll  e s ta b ­
l i s h e d  spore ch a in s  b a s a l c e l l s  a re  r e g u la r ly  b in u o le a te " .
W ritin g  in  1929 Hanna re p o rte d  n u c lea r a s s o o ia t i  
in  th e  aeoidium  o f th i s  same fungus. In  a  m onosporodial
(J<)
p u s tu le  h ap lo ld  rudim ents o f a e o id la  a re  formed, th en  n e o ta r ,
di
c o n ta in in g  pyoniospores o f one sex i s  a p p lied  to  a m onosporid isl 
c u l tu r e ,  th e  n u c le i in  t h i s  w eft o f hyphae heoome en la rg ed , 
and neighbouring  hyphae fu se  in  p a i r s  as d esc rib ed  by 
Christm an f o r  Phragmidium speoiosum. The two n u c le i become 
a s so c ia te d  and thfts fu s io n  o e l l  i n i t i a t e s  th e  d ip lo p h ase .
Hanna su g g ests  th a t  when pyoniospores o f one sex a re  ap p lied  
to  a  pyenidium o f o p p o site  sex they  a re  s tim u la ted  to  germ inate 
and to  produce h ap lo id  hyphae which p ass  down and fu se  w ith  
th e  hyphaX w e fts  a t  th e  low er ep iderm is.
In  th e  same y e a r  W alker''again tu rn ed  a t te n t io n  to  
th e  mode o f o r ig in  o f th e  d ip lophase  in  th e  sh o rt cycled  r u s t s .  
She found th a t  not only may th e  d ip lophase  o r ig in a te  in  a 
v a r ie ty  o f ways in  d i f f e r e n t  r u s t s ,  b u t may even be e f fe c te d  
by d i f f e r e n t  methods in  th e  same r u s t .  In  F uocin ia  a s t e r l s  
she found no c e l l  fu s io n s  and concluded th a t  th e  d ip lophase  
must have come about by sim ple m ito tic  d iv is io n  w ith o u t w all 
fo rm atio n . In  F uco in ia  o ry p to ta e n ia e , t h i s  was a lso  th e  most 
f re q u e n t method, b u t n u c le a r  m ig ra tio n  a lso  o ccu rs . In  
F u o c in ia  X anthi th e  ab so rp tio n  o f the  w a lls  o f two contiguous 
u n in u c lea te  c e l l s  i n i t i a t e s  th e  b in u o le a te  c o n d itio n , w h ils t  
in  F u o c in ia  f u s da, th e re  i s  c e l l  fu s io n , and a lso  n u c le a r  
d iv is io n  not fo llow ed by c e l l  d iv is io n .
I t  seems then  th a t  one must assume th a t  any method 
may be follow ed by F uco in ia  malvacearum, n e v e r th e le ss  a  g a iu in e  
a ttem pt has been made to  c o l le c t  f u r th e r  evidence f o r  the  mode 
o f o r ig in  o f th e  d ip lophase  in  th i s  sp e c ie s  and in  th e  p rocess  
o f c o l le c t in g  th i s  evidence one has been unavoidably im pressed 
by the  p o s s ib i l i ty  o f d i f f e r e n t  in te r p r e ta t io n s  o f th e  same 
phenomena.
Taking f i r s t  th e  evidence o f p o s s ib le  n u c le a r  
m ig ra tio n . S ev era l in s ta n c e s  o f th i s  have been seen  bu t only
(2q)
one o a s t o f  a  nucleus a p p a ren tly  m ig ra tin g  in to  a  second 
a n in u o le a ts  c e l l . This i s  f ig u re d  in  p l a t s f i g .  i • The 
n ucleus in  th e  low er c e l l  i s  p assin g  th rough  th e  w a ll .  At a  
low er focus th e  nucleus o f  th e  upper c e l l  i s  seen . A convincing 
case  o f n u c le a r  m ig ra tio n  i s  f ig u re d  in  p la te  Tv f i g .  sv .
Judging by th e  C lea r space round th e  nucleus in  the  upper c e l l  
m ig ra tio n  id  ta k in g  p lac e  from th e  upper to  th e  low er one bu t 
th e  nucleus o f  the  low er o e l l  could no t be found. P la te  5 fig .a^  
shows a s im ila r  ca se . At one focus th e  nucleus appears a s  two 
chrom atin  m asses in  s e p a ra te  c e l l s .  At a  low er fo c u s , th ese  
two masses c o a le sc e , and appear to  p ass  through a  tra n sv e rse  
w a ll .
Ho case  o f i n i t i a t i o n  o f th e  d ip lophase  by th e  fu s io n
of two contiguoWs c e l l s  has been seen .
In  some s o r i  m u ltin u o lea te  c e l l s  a re  o f common
occurrence (p la te tv  f i g . 3 ) .  This rem inds one o f th e  s ta te
o f a f f a i r s  d e sc rib ed  by A llen  ( 1 ) as  o ccu rrin g  in  F uco in ia  
g ram in is . I t  has a lso  been d esc rib ed  by O live ( 2 6 ) and o th e r  
w orkers , and i s  re sp o n s ib le  f o r  th e  su g g estio n  made long  ago 
th a t  th e re  was an ascogonlum a t  th e  base o f th e  aeoidium , (o r  
te le u to s o ru s  in  th e  case o f m ic ro -fo rm s .)
Evidence fo r  th e  o r ig in  o f th e  d ip lophase  by n u c lea r 
d iv is io n  not accompanied by w a ll fo rm atio n  I s  seen in  p la te  ^  
f i g .  k . Here the  te rm in a l o e l l  o f th e  club-shaped hypha i s  
b in u o le a te , and th e  second c e l l  u n in u c le a te . I t  was not 
p o s s ib le  to  f in d  an o th er nucleus belonging  to  th e  second c e l l  
in  th e  neighbouring  s e c t io n s .  I t  appears then  th a t  th e  termindL 
o e l l  has beoome b in u o le a te  sim ply by n u c le a r  d iv is io n .  Again, 
th e re  i s  no nucleus in  the  l%pha In  c o n ta c t ,  which seems to  
su g g est th a t  i t s  nucleus h as passed  In to  th e  upper o e l l ,  and 
th e  d ip lophase  th u s  i n i t i a t e d  by m igration^ (On ex am in a tio n -of 
th e next s e r ia l  se c t i on howev e r , t wo nucl ei  a r e s e en to  be
S o  ^ o t  a ^ lQ .r\c .I7s y y i  OCLSC. / o s s / ( f / £ .
(30)
(p r e sen t so th a t  th e former  ex p lan a tio n s  o f  ^ h #  caoo seem# a o y
pofcfc F-ir+t.
p ro b a b le . 7  O ther p o in ts  in  favour o f t h i s  mode o f i n i t i a t i o n  
o f th e  d ip lophase  a re  f i r s t l y ,  i t s  spontaneous appearanoe: 
one day the  hyphae a re  a l l  u n in u c le a te , th e  next b i-n u o le a te . 
Secondly, th e  n u c le i  o f th e  c lub-shaped  hyphae f re q u e n tly  
appear la r g e r  than  those  o f th e  v e g e ta tiv e  myoelium as  though 
p rep a rin g  f o r  d iv is io n .
At th e  In te rn a t io n a l  B o tan ic a l Congress, 1930, 
P ro fe s so r  B u lle r  rep o rted  h is  disodvexy o f  a  new phenomenon 
o f n u c lea r  m ig ra tio n  in  h e te r o th a l l i c  C oprin iisfh ich  he terms 
'd ip lo ïd i s a t io n  ' and he emphasised th e  p a r t  p layed  by o id ia  in  
b r in g in g  about th e  d ip lophase  in  Hymenomyoetes, F u r th e r  
c o n tr ib u tio n s  on th i s  su b je c t have been made by him in  a l e t t e r  
to  Mature (/i ) and in  a  p aper read  to  th e  B r i t i s h  M ycologioal 
S o c ie ty  in  O ctober 1930 and by h is  s tu d e n t B rodle in  the  
A p r il  number e f  th e  Annals o f Botany 1931. The r e s u l t s  a re  
a ls o  re p o rte d  in  some d e t a i l  in  h is  fo u r th  volume o f th e  
"Be se arches on Fungi" ( 0 ) . They a re  mentioned h e re  beoause 
o f  h is  a p p lic a t io n  of them to  o th e r  branches o f the  Basldiom y- 
c e te s ,  no tab ly  th e  ru s t  fu n g i.  For th e  o r ig in  o f th e  d ip lophase 
in  th e  h e te r o th a l l i c  U redineae, he su g g ests  th e  fo llow ing  two 
h y p o th es is .
H ypothesis Ho. 1 . "The two h ap lo id  m yeelia  (A) and (A) as t h e i r  
growth p ro ceed s, in te rm in g le  so t h a t ,  e v e n tu a lly , two 
k inds o f hyphae, (A) and Ta) come to  be arranged alm ost 
a l t e r n a te ly  in  the  spore  bed o f th e  young aecidium* Then 
in  th e  spo re-bed , p a i r s  o f (A) and (a) c e l l s  combine to  
form con jugate  n u c le i ,  e i th e r  as  in  Fhragmidium violaceum , 
o r F u co in ia  poarum by a o e l l  w a ll becoming p e r fo ra te d  to  
allow  of an (A) nucleus m ig ra tin g  in to  an (a) c e l l  o r  v ice  
v e rsa , o r  as  in  a number o f o th e r  r u s t  sp e c ie s , by th e  
w a ll between an (A) and an 4*) o e l l  b reak ing  down so th a t  
th e  (A) and (a) c e l l s  combine to  fom #L  s in g le  o e l l .
In  support o f H ypothesis Ho. 1 , one c i t e  th e  
i l l u s t r a t i o n s  o f two c e l l s  in  a spore-bed  u n it in g  l a t e r a l l y  
b in u o le a te  b a sa l o e l l ,  as g iven  amongst
(31)
p la ce  between th e  two m y ce lia . w ith  th e  r e s u l t  th a t  one 
o r  more (A) n u c le i move in to  th e  (a )  mycelium and one o r 
more (a ) n u c le i  move in to  th e  (A) mycelium. The (A) n u c le i 
move along th e  hyphae o f th e  (a) nycelium , and th e  (a) 
n u c le i move along  th e  hyphae o f th e  (A) mycelium, and the 
moving n u c le i  undergo d iv is io n  and make th e i r  way to  the  
p la c e s  where th e  rudim ents o f th e  a e o id la  a re  being  
form ed; so t h a t ,  in  th e  hyphae which form th e  a e o id ia l  
rud im ents, b o th  (A) and (a )  n u c le i a re  p re se n t.  These 
hypha now form  a  s e r ie s  o f u n in u c lea te  c e l l s ,  some o f 
which c o n ta in  an (A) n u c le u s , and some an (a) nuc leus.
Then th e  c o -o p e ra tio n  o f (A) and (a ) c e l l s  by means of 
n u c le a r  m ig ra tio n  o r  c e l l  fu s io n  s e t s  in ,  and t h i s  le ad s  
to  th e  fo rm atio n  in  each aeoidium , o f  a  spore-bed  in  
which th e  b a s a l  c e l l s  c o n ta in  the  con jugate  n u c le i (A)
(a )" .
W ith reg a rd  to  hom othallic  form s he o f fe r s  no such 
h y p o th e s is , bu t s in c e  he draws a  p a r a l l e l  between th e  p a r t  
p lay ed  by th e  o id ia  o f th e  h e te r o th a l l i c  Oopriniy\the 
p y cn id io sp o res  o f the  h e te r o th a l l i c  r u s t s ,  even ts in  th e  
h om othallic  r u s t s  may be co n sid e red  com parable to  th o se  in  the 
hom othallic  Hymenomyoetes. Here th e  d ip lo p h ase  a r i s e s  
spontaneously^ independen tly  o f hyphal fu s io n s ,  w h ils t  in  
h e te r o th a l l i c  form s hyphal fu s io n s  must occur b efo re  th e  
b in u o le a te  c o n d itio n  i s  a t ta in e d .  Thus th e  d if fe re n c e  in  
n u c le a r  c o n s t i tu t io n  i s  accompanied by a  d if fe re n c e  in  th e  mode 
of o r ig in  o f th e  d ip lo p h ase . Are we th e re fo re  a t  l i b e r t y  to  
assume a  sisqpler mode of o r ig in  in  hom othallic  r u s ts  from the  
more com plicated  n u c le a r  m ig ra tio n  o r  o e l l  fu s io n  in  th e  
h e te r o th a l l i c  form s and so g ive support to  th e  theo ry  o f the 
i n i t i a t i o n  of th e  d ip lophase  by n u c lea r d iv is io n  unaceooq>anied 
by w a ll fo rm atio n .
On th e  o th e r  hand, th e  cases  o f n u c lea r m ig ra tio n  
must be co n s id e red . T h e ir v a lue  here  i s  d i f f i c u l t  to  a s s is e  
f o r  they appear to  occur in f re q u e n tly . In  hom othallic  
Hymenomycetes, hyphal fu s io n s  may occu r, and indeed they 
in c re a se  in  number long a f t e r  th e  whole mycelium has become 
d ip lo id ,  th u s  p ro v in g  the  occurrence o f sp o n tan e ity  in  the  
o r ig in  o f the  d ip lo p h ase  and y e t  the p o s s ib i l i t y  o f hyphal 
fu s io n s .
(32)
For th e  s o lu t io n  o f th e  problem o f th e  mode o f o r ig in  
o f th e  d ip lo p h ase , in  b o th  long  ahd sh o rt cy c led  rusts^m ore 
evidence i s  needed, and evidence drawn from many sp e c ie s .
U n til  t h i s  i s  a v a i la b le , th e  problem  o f th e  i n i t i a t i o n  o f th e  
d ip lophase  in  sh o rt oyeled  r u s t s  a t  le a s t ,  cannot be d e f in i te ly  
so lv ed . At p re se n t one o f th e  w eakest sp o ts  in  i t s  s o lu tio n  
i s  th e  p o s s ib i l i ty  o f a  v a r ie ty  o f methods. T his i s  probably  
due to  th e  d i f f i c u l t i e s  o f o b se rv a tio n , aiWl th e  d i f f e r e n t  
in te r p r e ta t io n s  p o ssib le»
Development o f th e  te le u to s p o re s . The f u r th e r  development o f 
th e  b in u o le a te  c e l l s  was not s p e c ia l ly  fo llo w ed . Worth and 
Ludwig (53 ) re p o rt th a t  th e  b i  n u c le a te  c e l l  f i r s t  d iv id ed  to  
foxm a  s t a lk  o e l l ,  and an upper o e l l .  This upper c e l l  d iv id e s  
ag a in  to  form  th e  two c e l le d  te le u to s p o re .  Ho d e v ia tio n  from 
th i s  development was ap p aren t. W hilst th e  c e l l s  of th e  spore 
a re  s t i l l  b in u o le a te  a  th ic k  yelow ish  brown w a ll i s  d e p o s ite d . 
L a te r  th e  two n u c le i in  each c e l l  fu se  ( 30).
The r ip e  te le u to s p o re . At m aturiSg th e  te le u to sp o re  c o n s is ts  
o f a  two c e l le d  sp o re , supported  by a  f a i r l y  long  s ta lk ,  th e  
w a ll o f  which i s  s l ig h t ly  th ick en ed , bu t no t so markedly as
/ t o r e ,
th a t  o f th e  spo re . One germ t ube i s  p re se n t in  each o e l l .  In  
th e  dpper c e l l  t h i s  i s  te rm in a lly  p laced  and c o n s is ts  o f  a 
b reak  in  th e  w a ll j u s t  enclosed  by a  th in n e r  cap . In  favourab le  
c a se s , t h i s  cap can be seen pushed a s id e  on germ ina tion . The 
germ pore o f  th e  low er o e l l  i s  l a t e r a l l y  p laced  j u s t  to  one 
s id e  o f th e  c ro ss  septum d iv id in g a th e  two c e l l s .  The te l e u to ­
spores a re  now ready f o r  g e m in a tio n  Whenever favourab le  
c o n d itio n s  in te rv e n e .
(3 5 )
The re tu rn  to  th e  hap lophase .
The te le u to sp o re s  a re  ready f o r  germ ination  about 
th re e  weeks a f t e r  the  In o c u la tio n  has been made f o r  they do 
not re q u ire  a p e rio d  o f r e s t  as do th e  te le u to sp o re s  o f the  
m a jo rity  o f th e  r u s t s .  Dame Helen Owynne Vaughan co n sid e rs  
th e  basidium  o f th e  ru s t  fu n g i to  com prise two p h ases , a  th ic k  
w alled  p ro te c te d  phase — th e  te le u to sp o re  c e l l ,  germ inating  to  
g ive  a  th in  w alled  phase — th e  promyoelium. I t  i s  in  t h i s  
l a t e r  th in  w alled  s tag e  th a t  th e re  i s  a  r e tu rn  to  th e  hap lo ­
p h ase . Before t h i s  ish d e sc r ib e d  however th e  co n d itio n s  n ecess­
ary  f o r  germ ina tion  must f i r s t  be reco rd ed .
The c o n d itio n s  f o r  germ in a tio n . In  p r a c t ic e  i t  was found th a t  
th e  only c o n d itio n  th a t  need be siqpplied f o r  germ ination  was
/s
m o is tu re . This was the  ex perience o f h o r t i c u l t u r i s t s  who f in d  
th e  d isea se  i s  most p re v a le n t in  das$ ra in y  seaso n s. In  th e  
f i e l d ,  germ ina tion  c h ie f ly  occurs a f t e r  a  shower o f r a in  orv 
a t  n ig h t when th e  dew i s  faULling. The l a t t e r  must be th e  most 
v a lu a b le  p e r io d , f o r  Robinson in  h is  experim ents w ith  s p o r id ia  
found th a t  th e  germ tu b es  were d ire c te d  away from th e  l i g h t .
T his i s  p robably  one reaso n  why th e  co rru g a ted  cardboard was 
so u se fu l in  th e  in o c u la tio n  experim en ts, s in ce  i t  ensured a  
d ark  in o c u la tio n  chamber.
T e le u to so r i k ep t d ry  in  th e  greenhouse a t  55 F. o r  
even low er would remain ungerm inated f o r  weeks o r  even months.
A very  p r e t ty  in s ta n c e  b f  t h i s  and of th e  immediate germ ination  
as soon as  m o istu re  should be supp lied , was g iven by a  badly 
in fe c te d  p la n t .  I t  had been kept in  th e  greenhouse f o r  some 
weeks and no germ ination  o ccu rred . One day however during  
w a te rin g ^  (alw ays d i r e c t ly  on to  th e  s o i l ) ^ th e  edge o f th e  po t 
a c c id e n ta l ly  rece iv ed  a  good d ea l o f w a te r . One o f th e  in fe c te d  
le a v e s  was overhanging t h i s .  About th re e  hours a fte rw ard s  a 
l i n e  o f s o r i  had germ inated corresponding  to  th e  a rc  o f m ois-
(3f)
tu re  g iven  by th e  dang» p o t ,  w h ils t  a l l  th e  o th e rs  f u r th e r  from 
th e  edge o f th e  p o t s t i l l  rem ained ungerm inated.
A h ig h  tem peratu re  i s  not n eo essa iy  fo r  germ ination . 
T e leu to sp o res germ inated f a r  more su o c e ss fu lly  on th e  bench a t  
15 C. than  in  th e  in cu b a to r a t  82 C. Indeed germ ination  was 
found to  occu r out o f doors in  w in te r  du rin g  s u i ta b le  m oist 
p e r io d s .
G erm ination o f  te le u to s p o re s .  ArUcsson ( /? ) recogn ised  two 
b io lo g ic a l  forms o f te le u to sp o re s  acco rd ing  to  t h e i r  mode o f 
g erm in a tio n . One i s  th e  autumn spore formed from August to  
O ctober on young p la n ts  o f  th e  f i r s t  y e a r ,  and o ld  p la n ts  o f 
th e  second y e a r . These m ight germ inate in  e i th e r  o f th e  two 
ways, accord ing  to  th e  p resence  o f a  w a te r f ilm  o r  a  s a tu ra te d  
atm osphere. The e th e r  i s  th e  summer spore formed on hibezm ated 
p la n ts  o f th e  second y e a r ,  whioh germ inate by end c o n id ia  
(o id ia )  from May to  J u ly . In  th e  p re se n t study c o n id ia  have 
been formed only  in  r e l a t io n  to  a  w ater f i lm , no t to  d i f f e r in g  
te le u to s p o re s .
Form ation o< s p o r id ia .  A most e x c e lle n t account o f th e  
g erm ina tion  o f te le u to sp o re s  to  form s p o r id ia  i s  g iven  by 
B u lle r  in  h is  "Researches on Fungi" v o l. I I I .  The p ro cess  can 
be very co n v en ien tly  observed by w atching th e  germ ination  o f 
th e  spores in  a  v e r t i c a l  s e c tio n  o f a  l e a f  taken  through a 
te le u to s o ru s  and mounted in  a  m oist chamber on a  sm all b lock 
o f p la in  Ekgar o r  g e la t in e .  The w onderful p re c is io n  and 
r e g u la r i ty  o f th e  p ro cess  d e f ie s  d e s c r ip t io n . Under m oist 
c o n d itio n s  such as  those  su p p lied  in  th e  in o c u la tio n  experim ents 
th e  c o n te n ts  o f each c e l l  o f th e  te le u to s p o te ,  enclosed  in  th e  
endospore, emerge as  a  s t r a ig h t  s to u t  hypha^:the promyoelium 
o r th in  w alled  s ta g e  o f th e  basid ium . L a te r  th e  promyoelium 
becomes curved. Meanwhile accord ing  to  th e  work o f Sappen 
T rouffy  ( 2 0 ) th e  fu s io n  nucleus o f th e  basidium  has been
(53)
e n te r in g  on m eio e la , and ae & r e s u l t  o f  t h i s  4 h ap lo id  n u c le i 
a re  formed. These become sep a ra ted  by th re e  se p ta  to  form 
fo u r  u n in u c le a te  c e l l s .  On th e  convex s id e  o f th e  promycelium 
each o f  the  c e l l s  p u ts  out a  t in y  p ro je c t io n  which grows to  
form a  s te rig m a. B u lle r  ( 9  ) shows how t h i s  curv ing  o f  th e  
basid ium  and fo rm atio n  o f th e  spores on th e  iQ>per su rfac e  le a d s  
to  a  more e f f e c t iv e  method e f  d is p e r s a l .  At th e  t i p  o f each 
s te rig m a  a  sporidium  b eg ins to  form as  a  t in g  globose sw e llin g . 
As i t  en la rg es  th e  nucleus and most of th e  cytoplasm  of th e  
p ro m y ce lia l c e l l  p ass  th rough , b u t a  sm all p o r tio n  o f th e  
p ro tp lasm  rem ains. At f i r s t  th e  sporidium  appears g lobose , 
bu t a s  i t  enlargeSxbecomes c o n s tr ic te d  a t  th e  p o in t o f a t ta c h ­
ment by th e  hilum . Since germ ina tion  o f th e  te le u to sp o re s  
tak e s  p lace  in  s i t u  th e re  i s  always a  g re a t  crowd o f sp o r id ia  
to  be su c c e ss fu lly  e x p e lled . The method e f  expu lsion  i s  th a t  
c h a r a c te r i s t i c  o f  th e  whole o f  th e  Basidiomye s te s .  When the  
s p o r id ia  a re  f u l l y  formed, a  drop o f m o istu re  i s  se c re te d  from 
th e  hilum . T his drop in c re a se s  in  s is e  u n t i l  i t  i s  alm ost 
th e  s is e  o f th e  sporid ium . Suddenly th e  sporidium  i s  e je c te d  
f o r c ib ly  from th e  s te r ig m a ,to g e th e r  w ith  the  drop o f w a te r, A 
co n s id e rab le  d is ta n c e  from th e  l e a f .  Once f re e  o f th e  l e a f  
su rfa c e  th e  s p o r id ia  a re  borne awey by a i r  c u r re n ts .  Although 
they  a re  a l l  capab le  o f germ ina tion  in  c u l tu r e ,  in  n a tu re  a  
la rg e  p ercen tage  o f them must be s a c r i f io ie d  to  in c ip ie n t  
d ry in g  and o th e r  damage. The t in y  drop o f l iq u id  w ith  whioh 
each i s  ex p e lled  seems to  be m ucilaginous in  n a tu re , and s ta in s  
e a s i ly  w ith  g e n tia n  v io le t .  This probably  h e lp s  th e  sporidium  
to  adhere to  th e  l e a f  on which i t  f a l l s .  Although th e  s p o rid ia  
a re  u n in u c lea te  when form ed, th e  nucleus may undergo d iv is io n  
a s  soon a s  e je c t io n  ooours, so th a t  s p o r id ia  o f te n  appear 
b in u o lea te^  Sappen Trouffy ( 30) re p o r ts  th e  p resence o f two
CLT*,
n u c le i  w h ils t  th e  sp o r id ia  - i s - s t i l l  on th e  s terigm a.
(%6)
Development by c o n id ia  o r  o id ia .  I f  th e  c o n d itio n  f o r  germ­
in a t io n  le  euoh th a t  a  w a te r f i lm  i s  p re se n t, a  e e r ie #  of event#
is  seen s im ila r  to  th a t  d esc rib ed  by Blackman ( 3 ) f o r
Fhragmidium, Gymnosporangium and Uromyces. The promyoelium 
grows s t r a ig h t  and continue# to  grow u n t i l  i t  reaches th e  
su rfa c e  o f th e  w a te r f i lm . T his type o f promyoelium i s  g e n e ra l­
ly  much th in n e r  th an  the  o th e r .  The c o n te n ts  c o l le c t  a t  the
e n d ,n u c le a r  d iv is io n  tak e s  p la ce  and s e p ta  a re  formed a s  b e fo re
but th e  c e l l s  so formed in s te a d  o f p u tt in g  out a  eterlgm a and 
e x p e llin g  s p o r id ia  become detached  from one an o th er as  b road ly  
e l l i p t i c a l  b o d ie s , termed en d -co n id ia  o r  o id ia .
(5?)
HIBgRSATIOTT.
The te le u to sp o re *  o f the  ru a t  fu n g i a re  o f te n  termed 
"w in ter sp o res"  beoause although  they  may be formed as  e a r ly  
a s  August, y e t  they rem ain dormant u n t i l  th e  fo llo w in g  Spring 
and so ensure the  s u rv iv a l  of the  r u s t  over th e  w in te r . The 
te le u to sp o re s  o f P uoo in ia  malvacearum however d i f f e r ,  In  th a t ,  
p rov ided  co n d itio n s  a re  fav o u rab le  they a re  always capable o f 
germ ina tion  Immediately they a re  form ed. The problem  of 
o v erw in te rin g  then  i s  ev id e n tly  so lved  in  a d i f f e r e n t  way. 
There a re  only the  two k in d s  o f spore in  th e  l i f e  h is to ry  v i s .  
te le u to sp o re s  and s p o r id ia ,  and th e  l a t t e r  a re  e s s e n t ia l ly  
d e l ic a te  and u n su lted  to  su rv ive  d e s ic c a tio n  f o r  more th an  a 
few m inu tes. The q u es tio n  of h ib e rn a tio n  thus must r e s t  w ith  
e i th e r  the  te le u to sp o re  o r  the  mycelium.
There has been a  good d e a l o f in t e r e s t  shown in  th e  
h ib e rn a tio n  o f th i s  r u s t  and as  a  r e s u l t ,  s e v e ra l methods have 
been suggested  bu t s in ce  the  evidence brought forw ard in  t h e i r  
support i s  o f te n  c o n tra d ic to ry  c le a r ly  the  whole sto ry  has not 
been to ld .  Moreover as  a lread y  suggested  above the fungus may 
behave d i f f e r e n t ly  under d i f f e r e n t  o lim a tio  c o n d it io n s , and 
th e re fo re  th e  sequence o f even ts in  America and Sweden may be 
d i f f e r e n t  from those  in  England where i t  has not so f a r  been 
c o n s is te n t ly  observed . During th e  p re se n t study the  behaviour 
of the  fungus has been watched from day to  dc^ from March 1930 
-  June 1931, in  an a ttem p t to  e s ta b l i s h  some d e f in i te  f a c ts  
concerning th e  problem of o v erw in te rin g .
DIARY OP 0B3ERVATI0HS.
At th e  end o f March 1930, the  Mallows and Hollyhocks 
in  the  Malvaceae bed o f the R.H.C. Botany garden were found 
to  be q u ite  badly in fe c te d  w ith  th e  Hollyhock r u s t ,  PuocinAa 
malvacearum. From the  f re s h  appearance of th e  in fe c te d  shoo ts  
i t  seemed p robab le  th a t  th e  t e le u to s o r i  were the  r e s u l t  o f an 
e a r ly  Spring in fe c t io n .  The germ ination  o f th e  te le u to sp o re s
(3«)
was te s te d  and was found to  occur In  e i th e r  o f th e  two ways 
d esc rib ed  above accord ing  as  to  th e  m oistu re  c o n d itio n s  p resen t; 
in  a  s a tu ra te d  atm osphere by sp o ro d ia , in  a  w ate r f ilm  by 
c o n id ia . T his was w e ll i l l u s t r a t e d  by the  fo llo w in g  experim ent 
F a ir ly  th in  hand s e c tio n s  through a r ip e  p u s tu le  were p laced  
on th e  su rfa c e  o f a  p la in  ag ar p la te  in  a  P e t r i  d ish . The 
su rface  o f the  s e o tio n  in  c o n ta c t w ith  th e  ag ar lay in  a  w ater 
f ilm  w h ils t  th e  upper su rface  was in  a damp atm osphere. The 
te le u to sp o re s  in  th e  w ate r f ilm  germ inated to  g ive s t r a ig h t  
prom yoelia and c o n id ia , w h ils t  those  on th e  upper su rfa c e , 
formed curved prom yoelia and a b s tr io te d  s p o r id ia .
D uring th e  months o f A p r i l ,  May and June te le u to sp o re s  
were germ inated p r a c t i c a l ly  every day, and no d iffe re n c e  could  
be seen in  th e  germ ination  of th e  te le u to sp o re s  to  g ive 
s p o r id ia  o r  c o n id ia .
In  the  long v ac a tio n  two a ttem p ts  were made to  
e s ta b l is h  d isea sed  p la n ts  in  the  w r ite r* s  own garden near 
M anchester, bu t bo th  a ttem p ts  were u n su cc ess fu l, in  th a t  th e  
p lam ts f i r s t  shed the  le a v e s  a lread y  formed, and then formed 
new u n in fe c te d  le a v e s , and recovered  from th e  d ise a se . The 
w eather a t  th e  time of p la n tin g  was h o t ,b u t  damp w eather 
fo llow ed w ith in  3 o r  4 days. In  t h i s  p e rio d  th e  p u s tu le s  
germ inated . As th e  le a v e s  were w ith e r in g  however, th e re  was 
no s u i ta b le  t i s s u e  l e f t  f o r  in fe c t io n  by the  sp o r id ia  so 
formed and consequently  th e  fungus was unable to  e s ta b l is h  
i t s e l f .
Marly in  O ctober the  o b se rv a tio n s  were continued  a t  
Royal Holloway C o llege . These a re  o f the  g r e a te s t  im portance 
s in c e  they reco rd  th e  behaviour o f th e  fungus during  th e  
w in te r  months. In  th e  early  autumn in fe c t io n  was h e a v ie r  than  
du ring  th e  summer. At t h i s  tim e p la n ts  were being  in o c u la ted  
in  th e  greenhouse by means o f d ise a se d  le a v e s  brought from
(5?)
p la n ts  in  th e  garden . Subséquent exam ination o f th e  l e a f  
su rfa c e s  o f the p la n t  under in o c u la tio n  showed dense s c a t t e r ­
ings o f s p o r id ia .  Together w ith  th ese  experim ents, two s o r i
f t t i t r y  o /a .y
every day», were germ inated^in  o o v e rs lip  c u l tu re s  when f ilm s  
o f spordd i#  were o b ta in ed  as d esc rib ed  above.
Hew in fe c t io n  was s t i l l  o ccu rrin g  in  th e  bed as 
evidenced by th e  p resence  o f young s o r i .  That t h i s  in fe c t io n  
was caused by s p o r id ia  was shown in  th e  fo llo w in g  way. Two 
p la n ts  o f A lth ea  ro sea  were taken  from the  greenhouse, and 
p laced  o v ern ig h t amongst th e  d ise a se d  p la n ts  in  th e  garden.
Next morning they were removed, la b e l le d  and taken  in to  the  
greenhouse. For two days they were enclosed  in  b e l l  j a r s  to  
prov ide  th e  r e q u is i te  m oist atm osphere. A fte r  tw elve o r 
th i r t e e n  days young s o r i  appeared on the le a v e s  and m atured 
w ith in  th re e  weeks. C onsiderab le  new in fe c t io n  was found to  
occur in  th e  bed u n t i l  January  16 th  in  th e  fo llow ing  y e a r .
The in fe c t io n  by th i s  tim e however was l i g h t e r  than  in  the  
autumn m onths. A f te r  t h i s  only o ccas io n a l new p u s tu le s  were 
Seen.
G erm ination s t i l l  o ccu rred  when s o r i  were brought 
indoors from th e  garden . In  f a c t  on some days a lthough  th e  
le a v e s  were s t i f f  w ith  f r o s t  when g a th e re d , germ ination  o f th e  
te le u to sp o re s  o ccu rred  w ith in  f iv e  h o u rs . On January 22nd 
fo u r  p a r t i c u la r  le a v e s  on whioh p u s tu le s  were j u s t  reach ing  
m atu rity  were la b e l le d  to  d iso d v e r t h e i r  subsequent f a t e .  The 
next day one o f th e  p u s tu le s  was removed and when brought 
indoors th e  te le u to sp o re s  germ inated showing th a t  they were 
r ip e .  Those l e f t  in  th e  f i e ld  d id  not germ ina te . By the 
beg inn ing  o f February  however the  p u s tu le s  no lo n g er appeared 
ru s ty  brown, bu t were a  g re y ish  w hite  in d ic a t in g  th a t  they 
had given  r i s e  to  p rom yoelia . When examined w ith  the  
m icroscope th e se  prom yoelia were seen to  have a b s tr io te d  
s p o r id ia .
( 4 0 )
A c h a r^ o te r l t t t ic  o f the  d ise a se  a t  t h i s  tim e was the  
heavy in fe c t io n  of the p e t io le # .  B earing  in  «Ind th e  suggestion  
o f o th e r  workers o f the p ro stn ee  o f a p e ren n a tin g  m ycellun, 
i t  was thought p robable  th a t  t h i s  p e t lo l a r  In fe c tio n  was the  
r e s u l t s  of such a  wycel.lu» in  the shoot t ip s  and rudim entary 
le a v e s ,  renewing growth and pasa ing  upwards to  th e  le a v e s . 
F ix a tio n  and exam ination of the  shoot t i p s  however gave no 
grounds fo r  t h i s  assu iap tlon . In  f a c t  a lthough  in  one ease # 
r ip e  p u s tu le  was found on ona of the  hud s c a le s  th e  in fe c t io n  
was seen to  be q u ite  lo c a l ,  and th e  mycelium d id  not approach
Ç-ixed
th e  growing p o in t .  Badly in fu e te d  se e d lin g s  were fo rced  in  
O ctober in  an attem pt to  f in d  the  p e ren n a tln g  mycelium, a s  
i t  was thought th a t  a t  t h i s  tim e th e  t«tyceliua might be p assin g  
down to  the  shoot apex th e re  to  rem ain dormant f o r  th e  w in te r .
On exam ination no mycelium was seen .
The p la n ts  in  th e  f i^ ld  were most sev ere ly  a f fe c te d  
by a  h igh  e a s t  wind on March d th  and 7 th  and as a r e s u l t ,  
most of th e  le a v e s  w ilte d  and decayed in  the  wet w eather th a t  
fo llow ed . I t  Whs s t i l l  p o s s ib le  however to  f in d  p u s tu le s  fo r
/ T c s e ,  AJC./C- m c u / a .
germ ination  t e s t s  and Uilo w.im done throughout March and A p r il.  
On A p ril l a t h  only th re e  p u s tu le s  were v i s ib le  on some twenty 
o r  th i r t y  p la n t s .  D uring th e  nex t few weeks o ccas io n a l s o r i  
appeared , and by May 1 8 th , th e re  was q u ite  a  co n sid e rab le  
in fe c t io n .  The p e t io le s  and main v e in s  o f the  le a v e s  seemed 
most h eav ily  in fe c te d  and shoot t ip #  were a/^aln f ix e d  and 
examined f o r  p e ren n a tin g  mycelium . No o{ sot h a ce hum
w&*) ' f o u n d .
The h is to r y  o f  th e  fungus in  th e  f i e ld  throughout 
th e  y e a r  has now bet n fo llow ed bu t b e fo re  co n s id e rin g  the  
evidence d e riv ed  therefrom  i t  would bo w e ll to  add c e r ta in  
o b se rv a tio n s  made on th e  in o c u la te d  p la n ts  in  th e  greenhouse 
as  they throw co n s id e rab le  l i ^ t  on th e  f a c to r s  determ in ing
(4< )
te le u to sp o re  germ ina tion .
In  O ctober a  s e t  o f theme greenhouse grown p la n t» , 
ae moon am th e  te le u to e p o re e  had reached m a tu r ity , were 
removed to  an o th e r  greenhouse w herecthey oould be kep t a t  a  
tem peratu re  o f 60° -  6 6 ° ? .  in d e f in i te ly .  They were w atered 
c a re fu l ly  w ith o u t w e ttin g  th e  le a v e s . Under th e se  c o n d itio n s  
th e  te le u to sp o re s  d id  not germ inate bu t remained v ia b le .  T e sts  
were made a t  in te r v a ls  from O ctober to  June and i t  was found 
th a t  Lamed l a t e l y  m oistu re  was su p p lied  to  the  te le u to sp o re s  
they germ inated .
One f a c t  became in c re a s in g ly  e v id e n t, th a t  the  time
s
re q u ire d  f o r  germ ina tion  v a r ie d  w ith  th e  age o f  the  
te le u to s p o re .  T his germ ina tion  p e rio d  can be co n v en ien tly
Hl .
AÇE OF <,PoR£ TIME. OF ExFeRimENT in hours.
1 HOUR. 2 HOURS 3 HOURS 7 HOURS. 51 HOURS. 27 HOURS.
2o 5? Ays f i
9 9 9  9
22 t>AyS 
24 tJAyS 
27 DA ys.
3 5 D A y s.
/
0 9 9  9 
9 9 9 0
9 9 9 9  
9 9 9 9
37 DAyS. i 2 .
f ’ ^ Q
9 9  9 9
4 <^ DAy( y f 9 9  9 9
54 E>Ays. ---- & 9 9 9 9
4- M omTHS. — — —
9 9 9 9
5monThs . ---- — — — 0 QOOO
N^IOMThS. 8 QOOQ
(42)
d iv id ed  in to  two p a r te ,  f i r s t  the tim e req u ired  f o r  the 
promyoelium to  emerge and eecond^the tim e req u ired  f o r  m eiogia 
and the  a b a t r io t io n  o f e p o r id la . This l a t t e r  p e rio d  was the 
same in  a l l  o a se s , i t  was the  le n g th  o f th e  f i r s t  p e rio d  th a t  
a l t e r e d .  T e leu to sp o res o f a l l  ages were germ inated and the  
p e r io d  of germ ination  n o ted . The r e s u l t s  of one of th ese  
experim ents oan be seen from the  ao comp any ing ta b le ^ ^ J .
The fo l l^ in g  ex p lan a tio n  may be t e n ta t iv e ly  pu t 
fo rw ard . I t  i s  w e ll e s ta b lis h e d  th a t  th e  stim u lus f o r  
germ ination  i s  th e  presonoa of m o is tu re . I t  i s  p o s s ib le  th a t  
t h i s  e n te rs  th e  te le u to sp o re  w all by d i f f e r e n t i a l  im b ib itio n  
whioh causes sw ellin g  o f the  w all and s e ts  up a p re ssu re  in  
th e  c e l l .  As a  r e s u l t  o f t h i s  th e  th in  o ap lik e  membrane over 
th e  germ-pore y ie ld s ,  and th e  co n ten ts  o f the  te le u to sp o re  
emerge as th e  pronsycallum, enclosed in  th e  ex tending  endo spo re . 
The tim e taken f o r  th i s  im b ib itio n  w i l l  d i f f e r  acco rd in g ly  to  
th e  age o f th e  te le u to s p o re .  I f  l a t e ly  m atured th e  spore w i l l  
p o sse ss  a  h ig h e r  w ater co n ten t than  one whioh has undergone 
d e s io o a tio n  f o r  some months. Consequently th e  f i r s t  p e rio d : 
th e  p e rio d  re q u ire d  fo r  the  ab so rp tio n  o f w a te r^ w ill be lo n g er 
in  th e  o ld e r spore and th e  tim e needed to  oojoqplete a b a tr io t io n  
of s p o r id ia  consequently  lo n g e r to o .
From th e se  c o n s id e ra tio n s  th e  fo llow ing  f a c t s  emerge:
1 . th a t  the  summer and autumn spores do not d i f f e r  
b io lo g ic a lly ^
2 . th a t  germ ina tion  depends on th e  c o r re c t  m o istu re  
c o n d itio n s ,
3. th a t  the  l i f e  cyc le  i s  re ta rd e d  by the  l e s s  freq u en t 
occurrence o f c o n d itio n s  fav o u rab le  fo r  germ ination^
4 . th a t  new in fe c t io n s  occur du rin g  the  w in te r  so th a t  
a l l  the  p u s tu le#  p re se n t in  sp rin g  a re  not th e  r e s u l t  
of a  l a t e  autumn in fe c t io n ,
6 . th a t  th e  te le u to sp o re s  remain v ia b le  f o r  months,
6 . th a t  a p e ren n a tin g  mycelium has not been dem onstrated .
DI80Ü3SI0H OF HIBJflRHATIOH.
In  the  case o f a  r u s t  l ik e  Fhragmidium violaceum  the
( 4 &)
te le u to sp o re s  r e s i s t  a l l  e f f o r t s  to  encourage germ ination  
d u rin g  the  w in te r . A pparently  they need a  long p e rio d  of 
tim e in  o rd e r to  a t t a i n  m a tu r ity , and cannot germ inate u n t i l  
th e  fo llow ing  sp rin g . But f o r  P uoo in ia  malvacearum th e  
w in te r  c o n d itio n s  do not oocasion  a  p e r io d  of o b lig a te  dormancy 
exoept by d ro u g h t. For a s  soon as  m o istu re  i s  su p p lied  th is  
assumed dormancy i s  in te r ru p te d  by g erm ina tion .
( 2 7 )  ( & ')
P lo w rig h t and Taubenhaus accep t th i s  overw in tering  
o f te le u to sp o re s  as  a  method o f h ib e rn a tio n  fdx P uoo in ia  
malvacearum. Taubenhaus k ep t in fe c te d  le a v e s  which he had 
c o l le c te d  a t  C o rn e ll U n iv e rs ity  in  H ovem ber,/indoors a t  a  low 
tem p era tu re , and out o f d o o rs , and by te s t in g  spo res taken  
from  them a t  in te r v a ls  from December to  A p ril he found th a t 
they s t i l l  rem ained v ia b le  though more and more slow ly as time 
went on. The im portan t d if fe re n c e  between th i s  r e s u l t  and 
th a t  o f th e  p re se n t study i s  th a t ,  in  th e  l a t t e r ,  le a v e s  have 
been g a th ered  from the p la n t  d a ily  and no t kept s to re d , and 
a lso  the  germ ina tion  of th e  spores has been watched in  the 
garden .
DandenS however thought t h i s  o verw in tering  of 
te le u to sp o re s  im probable. He w r ite s  as  fo llo w s . "The Id ea  o f 
te le u to sp o re s  w in te r in g  over had to  be abandoned. A la rg e  
amount of dead le a v e s  was strew n the  fo llo w in g  sp rin g  among 
c e r t a in  p a tch es  o f majÆows whioh were to  a l l  appearances f r e e  
from r u s t .  The in fe c te d  l i t t e r  d id  not seem to  produoo any 
e f f e c t  w hatever? Dandeno i s  the  only o th e r  worker who no tes 
the  development o f s o r i  d u ring  th e  w in te r .  Ho re p o r ts  th a t  
p la n ts  growing in  I th a c a  H.Y. beoame in fe c te d  l a t e  in  November, 
and by December whê£e sp o ts  had appeared on th e  le a v e s , which 
sp o ts  appeared yellow  durin g  February and f in a l ly  m atured in  
A p r i l .  There has been no such ex ten s iv e  r e ta rd a t io n  of develop­
ment observed in  the  p re se n t ca se , f o r  the  slowing down of the  
I l f #  cyc le  seems dependent on the lo n g er p e rio d  which in te rv en es
(4 4 )
Before th e  appearsuaoe o f fav o u rab le  o o n d ltlo n s .
(a?)
P low righ t auggeeted th a t  P uoo in ia  malvaoearum passed  
the  w in te r  a s  p u s tu le s  f a l l e n  to  th e  ground, and Taubenhaui^^ 
a s s e r te d  th e re  was no evidence f o r  t h i s ,  l e s u l t s  o f the 
p re se n t work a re  in  agreem ent w ith  t h i s  co n c lu sio n  to o .
H ealthy p la n ts  p o tte d  in  s o i l  from the d ise a se d  bed showed no 
s ig n s  o f in fe c t io n .  I t  seems p ro b ab le  th a t  in fe c t io n  would be 
more e a s i ly  caused by whole le a v e s  f a l l i n g  to  th e  ground 
r a th e r  than  s ih g le  p u s tu le s .
The p resence o f a  w in te r in g  mycelium in  young l e a f  
rudim ents i s  oonsidered  by Grove " to  be extrem ely l ik e ly  
a lthough  one can say i t  has h a rd ly  been proved*. Taubenhaus 
and Dandeno in  America re p o r t  i t s  occurrence. E rik sson  in  
Sweden has found no evidence f o r  t h i s .  Young shoot t i p s  o f 
A lthea  ro se a , and H alva b o re a l is  have been f ix e d  and s ta in e d , 
and in  no case has th e  p resence o f a  w in te r in g  mycelium been 
in d ic a te d . Even in  sho o ts  in  which th e  b u d -sc a le s  were in fe c te d  
th e  mycelium was found to  be q u ite  lo c a l  th e r e .
That th e re  i s  no such r e s t in g  mycelium p re se n t in  
the  summer, was w e ll i l l u s t r a t e d  in  th e  case o f the  h ea v ily  
in fe c te d  p la n t#  which were sen t by p o st to  M anchester. On 
a r r iv a l  th e r e ,  the  p la n ts  were p la n te d  im m ediately, and w atered 
a t  the s o i l  l e v e l .  D uring the nex t few days th e  leav es  
w ith ered  fiuid f e l l  to  th e  g rounf. Hew growth s ta r te d  from 
a x i l l a r y  buds and th e  p la n ts  grew in to  most h ea lth y  specimens 
q u ite  f r e e  from d ise a se  and the  f a c t  th a t  they never became 
r e - in f e c te d  p ro v id es  f u r th e r  evidence f o r  th e  non tra n s fe re n c e  
of the  d ise a se  by s o r i  f a l l e n  to  the  ground.
As re p o rte d  above th e  f ix a t io n  o f shoot t ip s  has 
been e f fe c te d  in  O ctober, February and and in  no case was
th e re  any evidence f o r  th e  p resence of mycelium. The m a te r ia l  
was f ix e d  a t  t h i s  p e r io d  because i t  was f e l t  th a t  in  th e  e a r ly  
autumn, p re p a ra tio n s  m ight be o ccu rrin g  f o r  o v erw in te rin g , and
toof" no!^
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th#  loycellura might be pasaing  down to  the  ahoot apex. In  
February i t  waa expected  to have reached th e  t ip » ,  w h ils t  in  
M«  ^ i t  was f e l t  th a t  the  re-appearance  o f th e  d ise a se  in  
q u an tity  might be due to  t h i s , r a t h e r  than  the  germ ination  o f 
the  few p u s tu le s  rem ain ing . I t  th e re fo re  seems Éafe to  a s s e r t  b. 
th a t  in  t h i s  p a r t i c u la r  studi^ h ib e rn a tio n  has not been e f fe c te d
a w in te r in g  mycelium.
(/%)
E rik sso n  exp la ined  th e  h ib e rn a tio n  o f the r u s t  by 
h is  mycoplasm th e o ry . He h e ld  th a t  those te le u to sp o re s  formed 
from Hay to  Ju ly  germ inated to  g ive  c o n id ia . These he 
consid e red  to  cause a  d i f f e r e n t  k ind  of in fe c t io n  from th e  
s p o r id ia .  In s tead  o f p u tt in g  out a  p e n e tra tio n  tube a n d ' 
form ing an In fe c t io n  v e s ic le  in s id e  the  c e l l  th e  c o n id ia  *pour 
f o r th  t h e i r  p ro top lasm , as  i t  seems, w ith o u t th e  fo rm ation  of 
an open ing , through th e  plasma connections o f the  o u te r  w all o f 
the  ep id en a is  of th e  h o s t,  in to  an epiderm al c e l l " ,  and so 
in to  th e  t i s s u e s  where i t  v e g e ta te s  u n t i l  re q u ire d . This 
pro top lasm  he term s th e  mycoplasm which in f e c ts  the  autumn 
buds. This mycoplasm d iv id e s  every time th e  c e l l  d iv id e s  and 
so i s  d is t r ib u te d  th roughout th e  p la n t .  This l a t t e r  
s ta tem en t i s  open to  th e  c r i t i c i s m  th a t  a  c e l l  such as th a t  
in to  which a conidlum  g a in s  e n try  i s  a m ature c e l l ,  and as 
such undergoes no f u r th e r  d iv is io n .  I t s  u ltim a te  f a te  seems
to  be d aa th  and th e re fo re  no fu tu r e  f o r  th e  mycoplasm. In
(-2)
England c a re fu l  experim ents by Bai3^ have d isp roved  the  
mycoplasm th e o ry . He grew p la n ts  from s t e r i l e  seed under 
a b s o lu te ly  s t e r i l e  co n d itio n s  and in  no case d id  in fe c t io n  
occur, th u s  showing the  absence o f mycoplasm in  the  seed . 
Moreover experim ents have shown th a t  c o n id ia  may develop 
f u r th e r  to  fo ra  s p o r id ia .  As soon as  th e  w ate r f ilm  in  which 
they a re  formed e v ap o ra te s , they  con tinue t h e i r  development in  
th e  s a tu ra te d  atm osphere. E i r s t  a  t in y  p ro je c t io n  i s  p u t out
( ^ )
to  form a aterigm a and through th i s  the co n te n te  of th e  coniddum
p ass  to  form a sporldlum  a t  th e  t i p  o f th e  s te rig m a. T his i s
7
seen in  the  accompanying figure^. A drop o f w ate r i s  se c re te d  
and a h s t r lo t io n  occurs in  the  u su a l way.
TEXT J. Ç E R W I N A T I O W  OF t O N I D f A  TO Ç ( VC ^ P OR. ( D/ / > i .
A more f e a s ib le  method of h ib e rn a tio n  i s  w ith  the  
seed of d isea sed  p la n ts .  Bust p u s tu le s  a re  very commonly 
formed on the f lo w ers  o r even th e  c a rp e ls .  Unless seed from 
such a source i s  p ro p e rly  d is in f e c te d  th e re  i s  a  chance o f 
con tam ination  o f th e  se e d lin g s . Seed grown from in fe c te d  
p la n ts  o f A lthea  ro se a , A lthea  o f f i c i n a l i s ,  Malva ro tu n d if o l la ,  
and Maiva b o r e a l i s ,  has been sown and in  two seed lin g s  each 
developed one p u s tu le  on the  f i r s t  l e a f .  I t  i s  in te r e s t in g  to  
note in  p ass in g  th a t  th i s  i s  evidence a g a in s t  th e  s ta tem en t 
th a t  in fe c t io n  o f see d lin g s  l e s s  than  s ix  months o ld  r a re ly
SQ U irt
o ccu rs. S eed lings from se lf* -sa t seed in  th e  garden became 
h eav ily  in fe c te d  b e fo re  they  were th re e  months o ld . This 
method can be in c lu d ed  in  the  o v erw in te rin g  by te le u to s p o re s .
There i s  an o th e r su g g es tio n , th a t  th e  embryo i t s e l f  
c o n ta in s  th e  fu n g u s , bu t t h i s  has been d isp ro v ed  by B a il^ * s  
work, and a lso  by o th e r  experim ents, on seed s t e r i l i s a t i o n .
(4?)
Xn EngXandt a t  l e a s t  th e r e f e r s ,  Pw oelnla aiavmoeairuis 
seems to  p e r s i s t  from season to  season , beoause o f th e  power 
Of i t s  te le u to sp o re s  to  r e t a in  t h e i r  v i a b i l i t y  f o r  o o n sid erab le  
p e r io d s , and y e t  g e m in a te  qu ick ly  whenever favourab le  
c o n d itio n s  me$ o ccu r,
With a  view to  s u b s ta n t ia t in g  th e  con c lu sio n s  h ere  
drawn, reg ard in g  th e  o v erw in te rin g  o f t h i s  r u s t ,  a  s h o r t  
q u e s tio n a ire  was s e n t to  some doaen well-known seedsmen who
I ' (
were good enough to  rep ly  in  some d e t a i l .  The d isease , i t
■9 t
appears, i s  no t t r e a te d  very s e r io u s ly  s in c e  th e  m a jo rity  have 
d isco v ered  th a t  by th e  removal o f d isea se d  leav es  i t  can be 
r e a d i ly  c o n tro lle d ; many do no t co n s id e r i t  necessaxy e i th e r  to  
s t e r i l i s e  th e  seed oS to  change th e  seed bed . This i s  in  
p r a c t i c e ,  ex a c tly  what one would have suggested  from 
th e o r e t ic a l  c o n s id e ra t is n s .  U nless th e  s p o r id ia ,  formed on 
g erm ina tion  o f  th e  te le u to s p o re s ,  f a l l  upon a  f re s h  l e a f .
Where they can germ inate a t  once th e re  i s  no danger o f  in ­
f e c t io n .  T e leu to sp o res  th a t  have f a l l e n  in to  th e  s o i l  have 
l i t t l e  chance o f  causing  in f e c t io n .  The re p o r t  o f  an o ld  
custom in  th e  Worth o f England has p e c u l ia r  s ig n if ic a n c e . I t  
was th e  p r a c t ic e ,  i t  ap p ears , to  p i l e  a  heap c f  co a l ashes over 
th e  crowns o f th e  p la n ts  th rough  which th e  new growth made i t s  
way f r e e  from d is e a s e .  T his would have th e  e f f e c t  o f  p re ss in g
downthkwd) and bu ry in g  th e  old  le a v e s . I t  i s  t ru e  the ashes 
m ight absorb  m o is tu re , and so cause th e  te le u to sp o re s  to  
germ inateI b u t t h e i r  s p o r id ia  would be a b s t r ic te d  in to  th e  
c o i l  and could no t cause in fe c t io n  of th e  new growth.
B io lo g ic a l n o te . O ften when m a te r ia l  c f  P u co in ia  malvacearum 
was brought in  from the garden  f o r  th e  in o c u la tio n  experim ents, 
a  la rg e  p ro p o rtio n  o f th e  ru s t  p u s tu le s  were found to  have 
been e a te n , and in  a  la rg e  number o f c a ses  a  slim e tra c k  could 
be seen  p assin g  p r e c is e ly  from one damaged p u s tu le  to  th e  n ex t.
(*<)
This mllme tra c k  suggested  th e  p resence o f  s lu g s . S lugs were 
watched f o r  and found l a  th e  ao t o f e a tin g  th e  p u s tu le s ,  and 
p ro g re s s in g  from one p u s tu le  to  an o th e r. The s lug  was id e n t i ­
f ie d  as  Limax f la v u s .  I t  i s  obvious th a t  h e re  i s  no q u estio n  
o f spore d ig e s tio n  ax; i s  re q u ire d  in  some o f the  Coprophilous 
fu n g i, sinoe th e  te le u to sp o re s  germ inate so e a s i ly  w ithou t 
such a id  nor can t h i s  phenomenon be compared w ith  th e  p a r t  
p lay ed  by f l i e s  in  mixing p y o n id ia  s in ce  t h i s  r u s t  i s  
h o m o th a llio . But i t  su g g ests  th a t  s lu g s  may be in s tru m en ta l 
in  sp read ing  th e  d ise a se  by un e a ten  te le u to sp o re s  adhering  
to  t h e i r  mouth p a r t s .  One experim ent only  was made to  d isc o v e r  
i f  t h i s  were so . A s lu g  whioh had j u s t  f in is h e d  feed in g  on a 
d ise a se d  l e a f ,  was tra n s f e r r e d  to  an u n in ffo o ted  p la n t  in  th e  
greenhouse, and k ep t under s u i ta b le  co n d itio n s  f o r  germ ination  
o f th e  te le u to sp o re s  and sp o r id iu a . Ko in fe c t io n  was ob ta ined  
in  t h i s  one in s ta n c e . These h o le s  in  th e  le av es  r e c a l l  the  
o b se rv a tio n  o f o th e r  w orkers. The ex p lan a tio n  u su a lly  o ffe re d  
i s  th a t  g iven  by P low righ t ( 2 7 )  th a t  th e  s o r i  have f a l l e n  to  
the  ground. I t  i s  p o s s ib le  th a t  s lu g s  a re  re sp o n s ib le  f o r  
most o f th e  h o le s  found in  d ise a se d  le a v e s .
( m )
SÜMMARy.
1. A method o f m onoeporld lal In fe c tio n  f o r  th e  ru e t fu n g i 
hae been p e r fe c te d  w ith  th e  h e lp  o f th e  m lcrom anipuiator.
2. By th i s  mean# P u cc in ia  malvaoearum hae been proved to  be 
hom othallio .
3. The l i f e  h ie to ry n o f  th e  ru e t  hae been fo llow ed day by day 
b o th  under n a tu ra l  co n d itio n #  in  th e  garden and under 
c o n tro lle d  co n d itio n #  in  th e  greenhouse.
4 . The p e rio d  re q u ire d  f o r  development o f b o th  m onospoyidial 
anOi mass in o c u la tio n s , has been found to  vaxy in v e rse ly  
w ith  th e  tem p era tu re .
5. S h o rtly  a f t e r  fo rm ation  and sometimes even befo re  
a b s tr io t io n ^ th e  sporidium  becomes b in u o le a te .
6 . E ntry  to  th e  h o s t c e l l  i s  e f fe c te d  through the  ep iderm is 
by the fo rm ation  o f a  f in e  p e n e tra t io n  hypha a t  th e  t ip  
o f a sh o rt germ tu b e .
7. The co n ten ts  o f th e  sporidium  pass th rough th i s  to  form 
an In fe c tio n  v e s ic le ;a n  a - s e p ta te  b in u o le a te  hypha, th e  
prim ary  in fe c t io n  hypha.
8 . This prim ary in fe c t io n  hypha i s  w ide, and becomes s e p ta te  
form ing th re e  o r fo u r  u n in u c le a te  c e l l s .
9. A f te r  s e p ta tio n  each of th e se  c e l l s  p u ts  out a  th in n e r  
hypha which i s  th e  beginning  o f th e  v e g e ta tiv e  mycelium. 
The v e g e ta tiv e  mycelium i s  b o th  i n t r a c e l lu l a r  and 
in t e r c e l lu l a r  w ith  h a u s to r ia  in  a l l  t i s s u e s .
10. The development co n tin u es  u n t i l  th e  low er ep iderm is i s  
reached .
11. A renewed v igorous growth s t a r t s  from th e  c e n tre  o f the  
mass o f v e g e ta tiv e  mycelium. Branches a re  p u ^ u t ,  th e se  
ram ify  re p e a te d ly  tow ards th e  low er su rfa c e .
(^0 )
12. These branches a re  w ider th an  th e  e a r ly  v eg e ta tiv e
aycellum  and form club-shaped  e n d -o e lls  which however 
a re  s t i l l  u n in u c le a te .
IS . The change to  th e  d ip lophase  i s  now e f fe c te d  and evidence 
i s  c i te d  fo r  th e  occurrence o f t h i s  b o th  by n u c lea r 
m ig ra tio n ; and n u c lea r  d iv is io n  not accompanied by w a ll 
fo rm atio n .
14. That th e  d ip lophase  a r i s e s  more than  once in  one so ru s
i s  evidenced by th e  i r r e g u la r  d i s t r ib u t io n  o f u n in u c lea te  
and b y -n u c lea te  c e l l s .
15. Each b in u o le a te  c e l l  d iv id ed  in to  a low er s ta lk  c e l l ,  
and an upper c e l l ,  whioh by a  f u r th e r  d iv is io n  forms the  
two c e l le d  te le u to s p o re .
16. The epiderm is i s  ru p tu red  and the  te le u to sp o re s  can 
germ inate im m ediately they a re  exposed prov ided  m oistu re  
i s  a v a i la b le .
17. In  a  m oist atm osphere germ ination  ta k e s  p la ce  to  g ive
a  curved promyoelium and s p o r id ia :  in  a  w ate r f i lm , th e  
promyoeliuffl i s  s t r a ig h t  and a b s t r i c t s  co n id ia .
18. The co n id ia  may develop f u r th e r  to  g ive sp o r id ia .
19. The r e tu rn  to  th e  haplophase occurs in  th e  promycelium.
20. There i s  no b io lo g ic a l  d if fe re n c e  between th e  te le u to sp o re s  
formed in  d i f f e r e n t  seasons.
21. D uring w in te r  th e  l i f e  cy c le  i s  re ta rd e d  by the  l e s s  
f re q u e n t occurrence o f c o n d itio n s  fav o u rab le  f o r  th e  
germ ina tion  o f th e  te le u to s p o re s .
2 2 . Kew in fe c t io n s  occu r throughout the  w in te r  so th a t  a l l  the  
p u s tu le s  p re se n t in  th e  sp rin g  a re  no t th e v re s u lt  o f a  
l a t e  autumn in fe c t io n .
( t )
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DESCRIPTION OP PLATES.
P la te  I .  Photograph o f In fe c te d  p la n t  o f A lthea o f f lo in a l ie .  T 
low er l e a f  to  th e  r ig h t ,  rece iv e d  6  in o c u la tio n *  on 
th e  v e in s  and shows 6  p u s tu le s .
P la te  I I .  f i g .  1 . E a rly  s tag e  in  In fe c tio n  o f upper ep idennal 
c e l l  o f Halva b o r e a l is  by a  sporidium . The upper  
v e s ic le  i s  j u s t  form ing in  th e  c e l l .
" f i g .  2. S l ig h tly  l a t e r  s ta g e . The prim ary in fe c t io n
hypha c o n s is ts  o f two u n in u c lea te  c e l l s .
* f i g .  3 . A th re e  c e l le d  hypha.
" f i g .  4 . The two o ld e r  c e l l s  have pu t out th e  f in e r
v e g e ta tiv e  hyphae.
■ f i g .  B. A th re e  c e l le d  hypha showing co n ta c t w ith
th e  h o s t nucleus.
* f i g .  6 . A fo u r  c e l le d  hypha. The m ^ ty  sporidium
can be seen .
* f i g .  7. Three s ta g e s  o f in fe c t io n  In one h o s t c e l l .
The two youngest show th e  b in u o le a te  v e s ic le .  The 
o ld e s t i s  p u tt in g  ou t th e  f i n e r  v e g e ta tiv e  hyphae.
” f i g .  d . Two s im ila r  s ta g e s  in  one h o s t c e l l .  In
th e  r ig h t  hand one th e  n u c le i o f  th e  prim ary c e l l s  
a re  seen  p ass in g  up in to  the  f i n e r  v e g e ta tiv e  hyphae.
P la te  I I I .  f i g .  l .A  l a t e r  s ta g e  o f in f e c t io n .  The mycelium i s  
s t i l l  v e g e ta tiv e  and has not reached  th e  low er 
ep id erm is .
A s th  /a/5, y / a ^ e ,
" f i g .  8 . / In fe c t io n  o f  th e  low er ep iderm is has been 
e f fe c te d .  The c lub-shaped  hyphae a re  seen massing 
tow ards th e  low er ep iderm is.
Us)
P la te  IV. f i g .  1 . M igration  o f  nuoleue in to  a second 
u n in u c lea te  c e l l .
« f i g .  8  a. M igrating  nucleus a t  two f o c i .
b . Another m ig ra tin g  n u c leu s .
" f i g .  3 . Two c ases  c f  m u ltin u c le a te  c e l l s .
" f i g .  4 . U ninucleate  mycelium b ea rin g  b i-n u c le a te
club-shaped  e n d -c e l l .
" f i g .  5 a ,  and b . I n i t i a t i o n  o f  th e  c lu b -  shaped
hyphae.
" f i g .  6 . S p o rid ia  showing b in u o le a te  c o n d itio n .
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